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SUMMARY 
This thesis describes a 8-C-D + A ring approach to the synthesis of the 
antheridiogen AAn' a phytohormone isolated from the fern Anemia phyllitidis. 
The Introduction reports the structural elucidation of A and its An 
structural reassignment due to a recent total synthesis. Some int erest i ng 
biological aspects of the antheridiogens are presented, in particular , the 
synergistic effect of AAn to the Gibberellins. A brief survey of past 
synthetic efforts toward the AAn is conducted and the recent total 
synthesis of AAn is examined. Finally, the present synthetic strategy, 
which involves initial construction of the 8-C-D ring skeleton with the 
appropriate functionalities strategically embedded, is discussed. Due to 
the symmetry associated with the C-D ring, a bicyclo[2.2.2]octene system, 
two different routes to the annulation of the final A-ring using a common 
intermediate can be visualised. These two routes are the "Alkylation-
Aldol" and "Michael-Aldol" approaches. 
Chapter 1 describes the assembly of the 8-C-D ring carbon framework. 
The D-ring element is incorporated by means of a reductive alkylation 
process using the indanone acid 3~ as a preformed 8-C ring skeleton. 
Subsequent manipulation of the incorporated D-ring element, which is 
cyclised by means of an intramolecular aldol process, establishes the 8-C-D 
ring system. 
In Chapter 2, the flexibility offered by the symmetrically oxygenated 
C-D ring is discussed and the preparation of the common intermediate 89 is 
described . 
In Chapter 3, the "Alkylation-Aldol" approach is examined in a model 
study level. Incorporation of the lactone element by means of an 
alkylation of the metal enolate derived from the carbonyl function at C* - 10 
is not straightforward . An alternative is the cyclopropanation of the 
vi 
corresponding silyl enol ether , followed by ring opening to the Y-keto 
ester. The A-ring element is subsequently introduced by means of a 
stereochemically controlled allylation of the C*-10 carbonyl function . 
Chapter 4 re- examines the preparation of the synthetically flexible 
intermediate 89 and discusses the development of the more advanced 
tricyclic intermediate 128 . Subsequently, the "Michael-Aldol" approach is 
examined and the A-ring element is introduced by means of an allylation of 
the C*-10 carbonyl in a stereochemically controlled manner. Difficulties 
encountered in the construction of the Michael receptor, the C*-5 ,6 double 
bond , are discussed. 
The symmetrically oxygenated C-D ring generated from the intramolecular 
aldol cyclisation provides flexibility on the elaboration of the A-ring. 
However, in order to restore the correct oxidation pattern of the target 
molecule , one of the two oxygen functions at C*-12 and C*-16 must be 
removed . Deoxygenation of C*-12 and C*-16 via the hydroxyl and carbonyl 
oxidation states is described in Chapter 5. 
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INTRODUCTION 
0 . 1. Di scovery 
The existence of an antheridium-inducing factor in ferns was first 
recognised by Dopp in 1950. 1 A substance extracted from the maturing 
prothallia or from the culture media of Pteridium aquilinum, was observed 
to hasten the onset of the antheridium (male sex organ) formation in young 
prothallia of this species by several days and in those of Dryopteris 
filix-mas by several weeks , even at extremely low concentrations . However , 
no promotion in the formation of the archegonium (female sex organ) was 
observed, even at exceedingly high concentrations of this substance , while 
in certain instances , the development of the archegonium was completely 
inhibited. Since this discovery , research into the area has been extensive 
and, as a result, many other native antheridium- inducing substances have 
been isolated and identified in various species of ferns . To date, ten 
species out of eight genera in three families have been found to elaborate 
these hormonal substances . ' d 2 The collective name, Antherl ogen or 
Antheridiogen3 (an etymologically preferred derivation)U was later coined 
for this particular group of plant hormones . ' Among the identified 
' 1 ' 4 dO 1 antheridiogens, those derived from Pteridium aquI Inum an noc ea 
sensibilis5 of the polypodiaceae family , Anemia PhYllitidiS6 (Anemia 
hirsuta)7 and Lygodium japOnicum8 of the S chizaeaceae family, and 
Ceratopteris thalistroides9 of the parkeriaceae family have received 
considerable at tention . Accordingly , they are denoted as Apt ' Aon ' AAn ' 
. UU 10 ALy and ACe ' respecti vely , based on the termInology introduced by Naf . 
U The term antheridiogen will be used throughout this thesis . 
UU This terminology is now receiving wide acceptance . However , there are 
a few i nstances in the literature in which differ ent abbreviations are 
used. 
3 
The results of cross-testing of their biologi cal acti viti es , thin layer 
chromatographic behaviour and gas chromatographic analyses reveal ed that 
the five antheridiogens (vide supra) are dis tinct entities . 5 ,10 ,11 The 
latest addition to this class of substances is AAn" a second antheridiogen 
12 detected in Anemia phyllitidis by gas chromatography . 
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0.2. Structures of Antheridiogens 
0.2.1. Structural Elucidations 
Apt' the antheridiogen from the bracken fern Pteridium aquilinum,w~s 
the first isolated antheridiogen and has been subjected to extensive 
2 
chemical analyses. It is relatively stable in acid, but not in alkaline 
media, and is prone to oxidation. It is a weak acid with an approximate 
pKa value of five. -1 A strong absorption band at 1700 cm in its infra red 
spectrum suggests the presence of a carboxylic acid function in the 
proximity of a certain degree of unsaturation. This carboxylic acid group 
was shown to be essential for the antheridium-inducing ability of Apt from 
its loss of activity on esterification and its reactivation upon acidic 
hydrolysis. However, it was shown that the unsaturation is not responsible 
for the biological activity . Further investigations into the structure-
activity enigma were restricted by the scarcity of the naturally derived 
material (less than 1~g per litre of culture filtrate) . 2 
In 1971, the first structural elucidation of the antheridiogens was 
achieved on AAn (from Anemia phyllitidis - 3 chizaeaceae) by the 
. 13 
collaborative efforts of three groups in the U. S. A.. Thirty litres of 
medium were harvested after a fifty-three days cultivation period . AAn was 
extracted and purified by repeated thin layer chromatography . Freeze-
14 drying afforded 20mg of AAn as a white powder . The purified substance 
gave a chemical composition of C19H2206 on elemental analysis . Nakanishi 
et al . 13 subsequently deduced the structure of AA to be 1 by means of 
n -
OH 
1 
HO 
5 
various chemical and spectroscopic analyses . This discovery provided the 
first example of a new class of diterpenes . However , on closer 
examination, the resemblance between the skeleton of AAn and gibbane 2 
becomes apparent . It has been suggested~3 that AAn may be derived from the 
gibberellins# via a skeletal rearrangement of an intermediate such as the 
epoxide ] , which results in the correct carbon framework and stereochemical 
configuration . Nonetheless, the exact biosynthetic pathway to AAn is still 
unknown . The feasibility of the above skeletal rearrangement of an epoxide 
intermediate has been investigated in our laboratories. 15 The tricyclic 
enol ~ was prepared for a model study . Although the hydroxy function was 
predicted to direct epoxidation at the a-face of the olefinic bond , 
attempts to effect this a- epoxidation were unsuccessful. The 8-epoxide 5 
was obtained as the sole product , which failed to undergo skeletal 
rearrangement. 
2 3 
HO 
OMOM 
/I :O~h 
17 
OM OM OMOM HO """"" 
5 
# Gibberellins are a group of phytohormones which playa fundamental role 
in regulating plant growth and induce dramatic changes in plant 
physiology when being applied exogenously . They are numbered in the 
chronological order of their discove r ies . 
6 
Another antheridiogen , ALy ' has also been isolated from Lygodiurn 
japonicum (S chizaeaceae) . Preliminary investigations showed that it 
differs from Apt and AAn by the lack of the carboxylic acid function . 3 In 
1979 , the identity of ALy was finally unravelled by Takeno et al .
16 
and 
found to be the gibberellin Ag methyl ester 6. However, there are still 
some reservations as to whether there is a possibility of yet another 
active component, i . e . a principal antheridiogen , or the existence of a 
synergist of GAg methyl ester . More recently , Takahashi 17 isolated a new 
compound from Lygodiurn japonicum , which also exhibits antheridiogen 
activities . This compound is found to resemble the GAg methyl ester in a 
GC-MS analysis but lacks two hydrogens, and is believed to possess a 
cyclopropyl moiety as shown in 1. Complementary to the above isolation, a 
6 7 
o 
MOMO 
" / 
'OMOM 
8 
similar intermediate containing the cyclopropyl moiety, ~, has recently 
been prepared in our laboratories 18 during a study directed towards the 
synthesis of A from gibberellic acid (GA 3) . On treatment with base , 8 An 
was found to rear range readily to give the C-D rings skeleton of AAn 
(Scheme 0-1) . The isolation of 1 together with the facile rearrangement of 
the cyclopropyl moiety observed in our laboratories , could possibly provide 
some insight into the as yet unknown biosynthetic pathway to the 
7 
antheridiogens . This cyclopropyl moiety could be a vital biosynthetic link 
between the antheridiogens and the gibberellins . 
I 
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MOMO "'OMOM Scheme 0-1 
The fact that Anemia phyllitidis and Lygodium japonicum, two genera 
belonging to the same family (S chizaeaceae), produce different 
antheridiogens in nature suggests that the structural diversity of 
antheridiogens may reach the genus level . In an effort to determine 
whether the structural diversity of antheridiogens may reach the species 
level, the antheridiogen of Anemia hirsuta was isolated and purified . It 
was concluded, after ri gorous spectroscopic analyses , that the 
antheridiogens from Anemia phyllitidis and Anemia hirsuta are identical.? 
This therefore demonstrates that the structural diversity of antheridiogens 
does not , in this instance, extend to the species level. 
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0.2.2. Correction to the Structural Assignment of AAn 
In late 1985 , the first total Synthesis# of AAn 1 was achi eve d by Corey 
19 
and Myers . However, there were disagreements between the proton NMR 
spectra of the synthetic compo und and the natural product with r egard to 
the protons at C- 3 and C-5 . This cast doubts on the or i ginal 
stereochemical assignment of the C-3 centre . In their paper, Nakanishi et 
al . 13 assumed that the A r ing of AAn adopted the twist-boat conformation as 
shown in Figure 0- 1 (p . 9) . Benzoylation of the C- 3 hydroxyl resulted in a 
significant des hielding effect on the chemical shift of the C-58 methine 
proton . Hence, they concluded that the C-3 hydroxyl was cis to the C-58 
hydrogen and was axially disposed . In order to clarify the stereochemistry 
at the C-3 centre, Corey et al . 19 synthesised the C-3a hydroxy compound 
from 1 by means of an oxidation-reduction sequence . On close examination 
of the proton NMR data of both diastereomers and by comparison with that of 
/1/1 
the natural product , they were able to conclude that the A ring of AAn 
adopts the chair conformation (Figure 0- 2, p . 9) and that the 
stereochemistry of the hydroxyl is alpha at C-3 in the natural product and 
not beta as previously aSSigned . 13 The I . R. and M. S. data as well as 
chr omatographic mobility of the C-3a hydroxy compound were also identical 
with those previously reported by Nakanishi et al .13 for AAn ' Hence , the 
structure of AAn is revised to be 9 and not 1. This revision further 
consolidates the classical dictum that "Synthesis is the final proof of 
20 
structure" . 
/I This report appeared near the completion of the present work . 
/1/1 The conclusion is based on the coupling constants of the carbinyl 
proton at C-3 to the vicinal protons at C-2 . In (±) 1, it is a doublet 
with J=2 . 6Hz ; in (±)2, it is a doublet of a doublet with J=5 . 6 and 
10 . 9Hz . Both are consistent with the expected chair f orm f or the A-
r ing . 
9 
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Physiology of Antheridiogens 
0.3.1. Life Cycle of the Fern 
The life cycle of the fern, as exemplified by Pteridium aquilinum in 
Diagram 1, can be divided into two stages; namely the sporophyte and the 
gametophyte. The term "sporophyte" refers to the mature, spore-bearing 
fern. The spores, upon ripening, are released into the environment and 
subsequently develop into small , green heart-shaped gametophytes 
(prothallia). At this stage, sexual reproduction of the fern takes place. 
Both male (antheridia) and female (archegonia) sex organs are developed on 
the same prothallus. When the antheridia are mature, sperm' are liberated 
and swim toward the egg at the base of an archegonium, where fertilisation 
takes place. A new fern (young sporophyte) develops from this fertilised 
egg. Further growth and development produce the mature fern plant with its 
spores for the next generation. 
10 
Diagram Life cycle of pteridium aquilinum (the bracken f ern) 
A 
A. Sporophyte plant 
C. Section of a sorus 
E. Antheridium and sperm 
Young 
Sporophyte 
" Gametophyte 
B. Fertile pinnule 
D. Gametophyte plant view from beneath 
F. Archegoni um 
G. Gametophyte with young sporophyte 
The above diagram is reproduced from "Plant Biology" by K. Norstog and 
R. W. Long, with permission from the publisher (CBS Educational and 
Professional Publishing) . 
11 
0.3.2. Antheridium Induction Property of Ant her i di ogens 
An int ensi ve study of pter idium aquilinum by Naf3 led to the hypothesis 
that the prothallia induced to form antheridia do not respond to the 
antheridiogen elaborated by themselves , but instead respond to the 
antheridiogen produced and secreted into the medium by the more rapidly 
growing individuals of the gametophyte population . He further suggested 
that these prothallia initiate the elaboration of antheridiogen at an 
effective concentration only after they have become insensitive to it### 
(i . e . when the hear t - shaped structures have been attained together with 
formation of archegonia) . The germination of the spores is not synchronous 
in a population and a spread of germination periods exists . Hence , those 
faster germinating gametophytes which grow on an antheridiogen- free 
environment develop antheridia and archegonia in the normal fashion until 
they have attained the heart - shaped structure . At this stage , they produce 
antheridiogen which is rapidly released into the environment. Those slower 
growing gametophytes which have not reached the heart-shaped stage of 
development are stimulated into developing antheridia prematurely in great 
abundance. A potential for intergametophytic mating or cross fertilisation 
i s thus created within the population . Similar phenomena have also been 
observed in the other species (e . g. Onoclea sensibilis22 and Ceratopteris 
thalistroides9 ) • 
The extremely high potency of antheridiogens in antheridia induction 
has long been known . In particular, Apt was shown to be active at an 
### The desensitising process is believed to involve an inhibitor which 
is produced simultaneously with the antheridiogen but is retained 
within the heart-shaped prothallus . The nature of this inhibitor is 
still unknown . Nevertheless , an abscisic acid like substance is an 
intriguing possibility since it has been reported that abscisic acid , 
at a concentration as low as 10-4 , completely blocks antheridia 
f ormation even in the presence of antheridiogen AC in the fern 
. . h d " 21 e species Cer atopterls rIC ar 11 . 
12 
exceedingly low concentration (i . e . less than one part in ten billion on a 
2 
weight basis) in inducing antheridium formation in Onoclea sensibilis . 
One single isolated gametophyte of Pteridium aquilinum was observed to 
secrete enough Apt into the medium to induce antheridia in thousands of 
juvenile prothallia . 23 The activity was found to remain effective within a 
distance of several centimetres . 24 It is interesting to note that certain 
long chain aliphatic fatty acids were observed to enhance the potency of 
2 Apt three-fold . However , the effectiveness and threshold concentrations 
of Apt vary widely within the same family and was found to be inactive 
towards species of other families. In the Schizaeaceae family , Anemia 
phyllitidis and Lygodium japonicum each elaborates its own antheridiogen, 
AAn and A Ly respectively . They are different structural entities (vide 
supra) and not only species selective in their mode of action but also 
inactive toward members of other families . 
A new note was introduced into this area with the diScovery25 that 
gibberellic acid (GA3) and other gibberellins also induce antheridia in 
Anemia phyllitidis, Lygodium japonicum and many other species of the 
Schizaeaceae, but the threshold activities differ. Gibberellin A7 appears 
to be the most active, followed in decreasing relative activity by the 
gibberellins A4 , A9 , A3 , A" A5 and AS · The sesquiterpenes helminthosporic 
acid, helminthosporol and dihydrohelminthosporic acid have also been 
observed to possess a limited , but positive antheridium induction 
t · . t 26 ac lVl y. 
13 
HO HO 
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HO HO 
GAy GAs 
GAg 
Helminthosporic acid Helminthosporol Dihydrohelminthosporic acid 
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0.3.3. Antheridiogen and the Light Requirement for Spore Germination 
Apart from its antheridium inducing ability, AAn also possesses the 
unique ability to subs t i tute for the light requirement in spore 
. t ' 27 germlna lon . This activity is retained at extremely low concentrations 
(O.3~g/L) , far lower than those for the the antheridium induction assay. 
This differential in threshold concentrations is due, not to the 
instability of AAn to light, but to the enhanced sensitivity of the spore 
towards AAn in darkness . ALy ' from the same family , also demonstrates this 
ability to promote germination in the absence of light . However, these 
native antheridiogens are species-selective in their mode of action. 
Contrary to the above, the ability to induce "dark" germination found in 
GA 3 , is not only non-selective but also is not as effective.
27 
The ability of antheridiogens to promote "dark" germination of spores 
is again very family specific ,27 as demonstrated by the failure of AAn to 
induce any spore germination in species of another family , for example, 
Polypodi aceae. It is not surprising that in reciprocal experiments, Apt 
showed no acti vity towards Anemia phyllitidis, but is active only towards 
species of its own ~olypodiaceae family. 28 
pringle29 observed that certain naturally occurring straight chain 
aliphatic fatty acids (C5 - C8 ) restrained the germination of spores at 
concentrations as low as 10-5M. However, the supplement of a small amount 
of Apt counteracted such inhibition, thus allowing the spore to germinate 
and the gametophyte to develop in the normal fashion . 
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0.3.4. Biological Activities toward Higher Flowering Plants 
The fundamental role of gibberellins in the regulation of plant growth 
has been well docurnented. 30 In addition to auxins and cytokinins, 
gibberellins constitute another class of important plant growth hormones . 
To date , more than seventy gibberellins have been isolated from various 
plant and fungal sources. 30 Gibberellic acid (GA 3), in particular , has 
received the most attention and is now widely utilised in the agricultural 
and horticultural industries. 31 Its structural similarities to AAn enables 
it to substitute for antheridiogen , to a certain extent , in the 
sChizaeaceous fern species. Conversely , AAn is shown to induce similar, 
albeit not identical , physiological responses as gibberellic acid in 
flowering plant bioassays . 32 
The remarkable growth effect demonstrated by GA3 on the dwarf corn and 
dwarf pea was also observed with AAn ' though to a lesser extent . 32 
Surprisingly, the recently identified second antheridiogen (AAn ' ) from 
Anemia phyllitidis has a ten - fold higher potency when compared with AAn. 33 
In the lettuce seedling bioasssay, the elongation of the lettuce seedling 
was stimulated in the presence of GA 3 , whereas the opposite effect was 
observed with AAn ' However , when AAn and GA3 were tested together , a 
significant synergism was observed . 32 Another remarkable effect of GA3 is 
that it induces production of the enzyme a-amylase in barley seeds , a 
property which has been extensively exploited in the brewing industry . It 
has been demonstrated that both AAn and GA3 promote the a- amylase 
production at a comparable rate . 32 In addition , AAn not only mimics 
stimulator y effects of the gibberellins , but preliminary experiments have 
indicated that it also mimics the inhibitory effects of GA3 on the growth 
of soyabean cotyledon callus bioassay . 32 
16 
However, no attempts have been made to isolate and characterise the 
possible metabolic products of AAn. The results of these flowering plant 
bioassays may reflect either the intrinsic activity of AAn or that of a 
metabolically altered form. This dilemma is inherent in all bioassays, and 
can only be solved by the use of labelled hormones and recovery of the 
material in unaltered form. Therefore, further studies of the structure-
activity enigma require the synthesis of reasonable quantities of AAn and 
its labelled forms. 
0.4. 
0.4.1. 
Synthetic Approaches and EXisting Total Synthesi s of A 
An 
Past Synthetic Approaches toward A 
An 
17 
Prior to the recent amendment of the stereochemistry of AAn at C*-3# 
(vide supra) , efforts were directed toward the synthesis of the originally 
proposed C-3B hydroxy compound 1. In view of the close resemblance between 
AAn and GA 4, which differ only in their C-D ring arrangements , the 
construction of the A-B ring system as a common intermediate for the 
syntheses of both compounds seems alluring. An excellent approach towards 
the assembly of the masked A-ring of both AAn and GA4 was described by 
Isobe et al . 34 (Scheme 0-2 , p . 18) . It involved a [4+2J cycloaddition 
between furfural dithiane and dimethylacetylene dicarboxylate in providing 
the A-ring backbone . Regio- and stereo- selective methylation at C*-4 and 
hydrogenation of the remaining double bond provided a suitably substituted 
A · . h th t ltlt It· t h ' t -rlng Wlt e correc re a lve s ereoc emlS ry . Subsequently, the C*-9 
carbonyl was liberated from the dithiane moiety and elaborated into a 
dienophile to facilitate the formation of the C-ring by means of a Di els-
Alder cycloaddition . In principle , acidic hydrolysis of the ether bridge , 
followed by stereoselective lactonisation, would furnish the A-ring. The 
A-B-C tricyclic skeleton could then be achieved by means of a Dieckmann 
condensation between the C*-5 and C*-8 ester functions. Unfortunately , 
this carefully planned stereocontrolled strategy in the formation of the 
A- r ing was directed towards the no longer valid C*-3 stereochemistry (vide 
supra section 0. 2. 2 . ) . 
It Throughout this thesis , the numbering system of the AAn 2 has been 
adopted for all the synthetic intermediates when indicated by an 
asterisk (*) , to facilitate their correlations with the natural 
product . 
#It This correct relative stereochemistry +3 referred to the original 
assignment on AA n by Nakanishi et al .. 
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The rapid stereochemical equilibration at C*-3 under mildly basic 
conditions , via a retro- aldol process (Scheme 0-3), has long been known in 
35 . ### gibberellin chemistry. The equatorIal a-alcohol is obtained 
preferentially as the thermod ynamically more stable product. Consequently , 
this imposes various constraints on the assembly of the rest of the 
molecule . In principle , it would seem prudent to delay the construction of 
the A-ring until the B- C-D rings have been established . This consideration 
can be dealt with by two alternative approaches; i . e . either by attachment 
of the A-r ing elements to a preformed B-C- D ring system , or by using an 
aromatic ring as the latent A- ring in a hydrofluorene carbon framework . 
The former approach requires a preformed B-C-D ring unit . More 
recently, Kraus et al . 36 described an expeditious route to the B-C-D ring 
system of AAn by means of an intramolecular bridgehead carbocation 
cyclisation on a preformed bicyclo[2.2 . 2]octane intermediate (Scheme 0-4) . 
The lack of functionality on the various rings of this primitive 
intermediate for future elaborations is certainly disadvantageous . 
Nonetheless , this synthetic approach is a potential candidate when a more 
advanced bicyclo[2 . 2 . 2]octane system becomes available . 
Scheme 0-4 
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### This is now an advantage owing to Corey ' s recent amendment on the 
stereochemistry at C-3 of AAn ' 
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Manipulation of a hydrofluorene nucleus to serve as the A-B-C carbon 
framework in gibberellin syntheses was first demonstrated by Mori et al . 37 
in their earlier total synthesis of gibberellin A4 which also constitutes 
the formal syntheses of gibberellins A2, A9 and A,O ' This approach has 
38 -been more efficiently utilised by Mander et al . in their synthesis of 
giberrellic acid . It is feasible , with appropriate modifications on the D-
ring assembly, to apply the above approach to the synthesis of AAn ' This 
strategy was investigated by Mander and Stuart39 (Scheme 0-5) prior to the 
present work. However, complications were encountered during their 
preliminary studies over the incorporation of a carboxyl function at C*-4. 
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0.4.2. The Existing Total Synthes i s of AAn 
The first , and so far the only total synthesis of AAn' was r ecently 
19 
reported by Corey and Myers. The sequence which extended over 
approximately 26 steps is abridged in Scheme 0-6 (p . 23) . In their 
synthesis, rings A and C were first connected via a coupling process 
between methyl 2-methoxy-5-iodobenzoate and bis(rr-cyclohexenyl)nickel 
bromide to afford the aromatic ester 10 . Reductive methYlation# of the 
aromatic A-ring in 10 and further manipulation furnished the alcohol 11 
providing an A-ring with the correct substitution pattern and relative 
. ## 
stereochemlstry . The incorporation of ring B was elegantly executed by 
sequential carbon-carbon bond formations, i . e . the C*-5,6 bond and C*-6,8 
bond. To this end, the methoxycarbonyl function in ~ was reduced and 
converted to the diazoacetate 12. The C*-5,6 bond was formed via an 
intramolecular diazocyclopropanation process to afford the cyclopropyl-
lactone 13 in a stereoselective manner . Formation of the C*-6 , 8 bond was 
achieved via a novel vinylcyclopropane-cyclopentene rearrangement to afford 
the tetracyclic lactone ~ with an appropriately functionalised A-B-C 
carbon framework for AAn. 
Stereo- and chemo-selective epoxidation of ~ and subsequent syn 
elimination of the resulting B-epoxide ~ furnished the hydroxy diene 16. 
The D-ring was constructed efficiently , to give the adduct !I, by means of 
a regio- and stereo-selective Diels-Alder cycloaddition . Saponification of 
the lactone 11 and subsequent oxidation provided oxygen functionality to 
the D ring and refunctionalised C*-19 , but also isomerised the C*-8 , 14 
double bond into conjugation with the C*6 carboxyl group ( ~) . 
Trifluoroacetylation of the angular C*-10 hydroxyl , however , occurred with 
# This process refers to a Birch reduction followed by in situ 
methylation . 
## See footnote ## on p . 17 . 
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concomitant a , B ~ B, Y migration of the double bond to give 19 . The C*-6 
methoxycarbonyl was epimerised back to the more stable B-configuration 
followed by oxidation of the C*-4 formyl to give the carboxylic acid 20 
which facilitated the form ati on of the Y-lactone bridge. Further 
elaboration of the D-ring by means of an a-methylenation of the C*-15 
carbonyl and subsequent stereoselective reduction provided the ester 21. 
Finally , removal of the C*-3 silyl protecting group accomplished the 1-
methyl ester . 
The disagreement in proton NMR spectra of the synthetic material with 
the methyl ester of natural product led to a reassignment of the 
stereochemisry of the C*-3 hydroxyl to the a-configuration . It was easily 
rectified by means of an oxidation-reduction sequence at the questionable 
C*-3 centre , to arrive at the ~-methyl ester . The total agreement in the 
proton NMR and other spectral data between the synthetic and natural 
compounds confirmed that the C*-3 hydroxyl in AAn was equatorially 
disposed . Hence, hydrolysis of the ~-methyl ester completed the total 
synthesis of (±)AA - 9. 
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0.4.3. Present Synthetic Approach 
Although AAn ~ is regarded as a member of a new class of dit erpenes, 
one cannot deny the possibility that both A and the gibberellins are An 
derived from a common biosynthetic origin, based on their similarities in 
structure and biological activities . From the synthetic viewpoint, AAn can 
be treated as a C'9 gibberellin, in particular, the skeletal arrangement of 
the A-8 ring portion of the molecule . The enormous reservoir of synthetic 
knowledge and design accumulated throughout the history of gibberellin 
40 
syntheses serves as an excellent guideline in formulating an efficient 
route towards the synthesis of AAn . 
To date , the most flexible route in gibberellin total syntheses has 
b 1 4' , 42 ( ) been developed y Mander et a . in their total syntheses of ± GA, , 
GA3 and (±)GA 4. Apart from the overall efficiency , the flexibility of this 
approach allows its adoption into syntheses of a wide array of simple C'9 
gibberellins and can be extended into the domain of C20 gibberellins (e .g . 
43 GA38 methyl ester) . Their approach , based on a 8-C-D + A ring strategy, 
delays the assembly of the most sensitive region of the molecule until late 
in the synthetic sequence . 
The 8-C-D ring skeleton was established by means of sequential 
manipulations of two diazoketone moieties incorporated at different stages. 
They are, as illustrated in Scheme 0- 7 ( p . 25), (i) an intramolecular 
alkylation of a IT-system by a protonated diazomethyl ketone to afford the 
D-ring ; (ii) a photo-Wolff rearrangement based ring contraction to furnish 
the 8-ring and C*-6 carboxyl (22). Further elaboration and 
functionalisation of C*-'O gave the pivotal tricyclic intermediate 23 which 
provided the 8-C-D ring unit for subsequent annulation of the A-ring. 
The assembly of the A-ring (Scheme 0-8 , p . 25) was performed in a 
stereochemically controlled fashion . In their syntheses of GA, and GA 4, 
the crucial step , inter alia , was the introduction of a propanal moiety or 
25 
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a synthetic equi valent onto the C*-10 carbonyl function in 23. Hence , an 
allyl group was delivered to the less hindered convex face of the molecule 
onto the prochiral C*-10 to afford the homoallylic a-hydroxy compound 24. 
After transformation of the a-hydroxyl into propionate 25, the Y-lactone 
bridge was elaborated via an intramolecular Michael addition . 
Subsequently , the A-ring was constructed by adopting Dolby ' s aldol route. 44 
The allyl moiety was first transformed into a propanal side chain ( 26 ) . 
This was followed by a kinetically controlled intramolecular aldol process 
which furn ished the A-ring as an epimeric mixture of 21a and 21b in a ratio 
of 1 : 1 for R=OH and 3: 1 for R=H . Protection of the hydroxyls , Wi ttig 
homologation of C*-16, followed by demethylation and deprotection provided 
GAl and GA4 respectively in their racemic forms . 
In terms of stereochemical control over the A-ring elaboration , 
Mander ' s "Michael - Aldol" strategy relies on the geometric advantage of 
their intermediate 23, which offers a less hindered 8-face for the incoming 
nucleophile, such as an allyl group . It may not be as favourable in the 
case of the AAn synthesis, as the symmetric bicyclo[2 . 2. 2]octene system of 
the C-D ring does not provide any stereochemical bias over the construction 
of the A-ring . Thus , an alternative stereocontrol element , i .e . the C*-6 
carboxyl, is required . 
44 
Dolby's model study on the construction of the A-ring of GA3 , appears 
to be an attractive alternative. Here , the A-ring annulation was carried 
out by sequential introduction of side chain elements at C*-5 and C*-10 
(Scheme 0-9, p.21). A propionate fragment was first attached at C*-5 . 
This was followed by the introduction of a butenyl group , anti to the 
propionate unit, onto the C*-10 carbonyl function , which in turn afforded 
the cis-fused cyclopentane lactone 28. The propanal side-chain was then 
obtained by oxi dative cleavage of the olefinic side chain . Finally, the A-
r ing annulation se quence was completed by an intramolecular aldol process . 
27 
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Conceptually , the same approach can be adopted for the synthesis of the 
A-ring of AAn ' as illustrated in Scheme 0-10 , by utilising the c*-6 
methoxycarbonyl as the stereochemical control element for the introduction 
of a propionate enolate cation synthon at C*-5 . This is expected to give 
an anti arrangement of these two groups . Subsequent allylation of the 
C*-10 carbonyl group would, in turn , be controlled by the C*-5 propionate 
residue to furnish the intermediate 29. Hence , subsequent manipulation of 
. 42 the olefin along previously disclosed llnes , would provide the A-ring 
with the correct relative stereochemistry . 
Scheme 0-10 
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It was our intention to embark on a programme of assembling a B-C-D 
r ing moiet y which allows flexibility for the elaboration of the A-ring. 
45 Mander and co-workers, in their studies on the intramolecular alkylation 
of IT-systems, reported an efficient route to the tricyclic diketone 30 
(Scheme 0-11). It possesses the required C-D ring element plus the 
appropriate functionality on the D-ring . However, it clearly requires 
further manipulations to obtain the correct carbon framework of the B-ring. 
Scheme 0-11 
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A more elegant route to the tricyclic enone ll, via an intramolecular 
Diels-Alder process , was developed by Krantz and Lin . 46 The tricyclic 
adduct II 'Has regioselecti vely assembled in a three-step sequence as 
depicted in Scheme 0-12 . The versatility of this approach was further 
demonstrated in the construction of BUchi's pivotal intermediate 32 in the 
synthesis of Khusimone47 (Scheme 0-13) . Nevertheless, problematical to 
this approach is the introduction of the c*-6 carboxyl group and the C*-
8 , 14 double bond . 
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The success in the application of the Birch reduction on aromatic 
ketones by Narisada and Watanabe 48 has recently been extended to the 
reduction of the aromatic nuclei in tetralone49 and indanone50 systems . In 
particular, indanone can be regarded as a latent B- C ring skeleton for AAn' 
while the O-ring is simply a two-carbon bridge between C- 7a and C-5 . Rees 
and co-workers , 50,51 in their pursuit of the tricyclic [10]annulene , 
reported successful reductive methylations of indanone as well as its 4-, 
6- and 7-methoxy derivatives (Scheme 0- 14) . In principle , a functionalised 
two-carbon fragment can be attached to the angular C-7a by means of a 
reductive alkylation of 6-methoxy indanone 33 (Scheme 0-15) . Subsequent 
connection of the two-carbon fragment at C-5 would provide the O-ring 
bridge . Although this approach provides an efficient route to the B- C-O 
ring skeleton of AAn with the appropriate functionalities strategically 
located , it still lacks the c* - 6 carboxyl function in ring B. 
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It is logical then to investigate the feasibility of the reductive 
alkylation on an indanone acid , such as 34. In a study directed towards 
49 the synthesis of the complex germacrane sesquiterpenes, Mander et al . 
initiated an investigation of the reductive methylation of u-tetralone 
systems. They anticipated that the common ~ , ~-cyclodecadiene moiety of the 
germacranes could be readily achieved via a Grob fragmentation of an 
111111 
appropriately functionalised decalin system (Scheme 0-16 , p . 31) . 
Although the traditional decalin syntheses do not offer a straightforward 
solution, the novel reductive methylation of the tetralone acid 35 provides 
an efficient route to the synthesis of the highly functionalised decalin 
36. It was observed that the C-1 ca rboxyli c acid group is inert towards 
the reduction. 49 In addition , it acts as a remote stereochemical control 
on the angular C-4a methylation to provide 37 as the major product . It 
appeared to be advantageous to utilise the indanone acid 34 as a precursor 
to the B-C ring skeleton of AAn due to the observed stability of the 
carboxylic acid group. 
Thus, our strategy involves the selective introduction of an ethanal 
moiety (or an operational equivalent) at the angular C*-9 of 34, by means 
of a reductive alkylation process . Subsequent aldol-type intramolecular 
cyclisation of the keto aldehyde 38, through either acid or base catalysis, 
would furnish the tricyclic intermediate 39 as depicted in Scheme 0-17 
(p . 31). 
111111 This approach lays the foundation for subsequent syntheses of 
. 52 53. dlff erent furanogermacrane and fur aneudesman e sesqulterpenes . 
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The bicyclo[2.2 . 2]octene moiety in 39 possesses a pseudo plane of symmetry 
lying along the axis formed by C*-g and C*-13 as illustrated in Figure 0-3 . 
A key aspect of this approach is the opti on of utilising either bridge as a 
precursor to the functionalised bridge in the target molecule . 
Manipulation of this unique feature of the bicyclo[2.2.2]octene moiety thus 
provides flexibility in the elaboration of the A-ring as previously 
disc ussed. 
Figure 0-3 
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CHAPTER' Construction of the B- C-D Ring Carbon Framewor k 
The symmetry associated with the bicyclo[2 . 2. 2]octene moiety of the 
tricyclic ketone 39, as discussed in the Introduction, provides a useful 
flexibility in subsequent elaboration of the remaining A-ring. Its 
successful assembly hinges on the stereoselective incorporation of an 
# 
ethanal synthon at C*-9 of a preformed B-C ring skeleton. A 
retrosynthetic analysis led to the 5-methoxy indanone acid 34 as a logical 
starting point for our synthesis. An important feature worth noting is 
that the carbonyl function, derived from the C-5 methoxyl in subsequent 
Birch reduction of 34, serves two distinct purposes. First, it activates 
the C*-13 position for an aldol type cyclisation in the formation of the 
O-ring bridge . Secondly, this C*-16 carbonyl function## will facilitate 
the introduction of the C*-15 hydroxyl while itself serves as a latent exo-
methylene group . 
OH 
0 0 (0) 0 
> 
; 
-
- -
39 C02Me C02Me 
0 OMe 
> > 
-
-
C02Me C~H 34 
# The antheridiogen numbering system is applied , see footnote # at p.17 . 
## However, it is possible that the carbonyl carbon may ultimately become 
C*-12 of the target molecule, depending on the stereochemical outcome 
of subsequent manipulation on the B-ring (vide infra Chapter 2) . In 
this case , the symmetrically oxygenated bicyclo[2 . 2 . 2]octene system 
allows chemical interconversion of the t wo oxy gen functions at C*-12 
an d c*-16. 
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Although the preparation of the indanone acid 34 from the readily 
a~ailable methoxy indanone 3354 had been reported previoUSly,55 efforts to 
repeat the sequence (Scheme 1-1) have not been successful in our 
laboratories . 56 Difficulties were encountered in the preparation of the 
methyl enol ether 40 which mainly resulted in the formation of a deep red 
solution. 54 A similar problem had also been observed by House and Hudson 
who isolated the deeply coloured oxonium salt 41 as their major product . 
CH 
R 
R = H, Me 
OEt OEt 
+ 
R 
41 
- (TsOhH 
Fortunately, the facile route to 3-substituted-1- i ndanones reported by 
Trost and Latimer57 (Scheme 1-2) offered an immediate solution . They 
reported that the treatment of 33 with two equivalents of lithium base at 
OOC generated the dark red coloured dianion 42. Addition of one equivalent 
of an alkylating agent , followed by acidic work up, furnished the 3-
substituted indanone in quantitative yield. The 2, 3-disubstituted indanone 
was obtained on addition of another equivalent of alkylating agent before 
the work up. The generality of this methodology provides a convenient 
3 6 
route to 34 (Scheme 1-3) , and has been efficiently utilised in our 
laboratories . 39 Hence , quenching the dianion 42 with excess carbon dioxide 
initially produced the unstabl e diacid 43 which subsequently decarboxylated 
to provide the indanone acid 34 in high yield (80%) . 
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Of central importance to our approach in achieving the synthetically 
flexible tricyclic ketone 39, is the stereoselective introduction of a 
2-oxyethyl fragment at the angular C-3a position of the indanone acid 34. 
As a consequence of the success of the Birch reduction and in situ angular 
methylation of tetralone acid 35 (vide supra Scheme 0-16) , 49 it was 
possible to visualise a similar process for the indanone acid 34. However , 
despite its successful utilisation in the tetralone systems (vide supra 
Scheme 0-5) , the 2-methoxymethoxyethyl iodide 44 failed to alkylate the 
resulting enolate from the Birch reduction of the methoxy indanone 33. It 
was demonstrated39 that the intermediate enol ate of indanone from the Birch 
reduction is relatively less reactive than the tetralone counterpart , hence 
alkylation can only be achieved with the highly reactive alkylating agents 
such as methyl iodide and allyl bromide . For our purposes , the allyl side 
chain could conceivably be converted to an ethanal moiety. This 
transformation entails a selective oxidative-cleavage of the allyl double 
bond in the presence of a trisubstituted one in the carbocyclic nucleus . 
Not unexpectedly , attempts to effect such a chemoselective cleavage of the 
. side chain double bond of the diene 45 proved to be unproductive . 39 In 
principle, additional alkyl sUbstitutents on the acyclic allyl double bond 
would enhance its reactivity towards electrophilic oxidising reagents. 
Thus, reductive alkYlation# of the indanone acid 34 with crotyl (2 - butenyl) 
and prenyl (3-methyl-2-butenyl) bromides were investigated accordingly . 
o OMe o 
Meo~o~1 
44 
# This process r efers to a sequential Birch reduction and in situ 
alkylation , c .f. reductive methylation, see footnote # at p . 21 . 
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1.1. Reductive Alkylati on of I ndanone Aci d 34 
The indanone acid 34 was first neutralised with potassium tert-butoxide 
and consequently the one equivalent of tert-butanol produced served as an 
in situ proton source in the subsequent Birch reduction. 58 The resulting 
potassium salt 46 was treated with potassium in a mixture of dry THF and 
ammonia at -78°C (dry ice - acetone cooling). A persistent deep blue 
II 
colour was observed after the addition of approximately two and a half 
equi valents of potassium. In order to suppress alkylation at the oxygen 
atom,59 the potassium enolate 47a produced was first exchanged with lithium 
bromide to give the corresponding lithium enolate 47b before being quenched 
1111 • 
with prenyl (or crotyl) bromlde . After careful acidic work up at O°C, 
the crude acid was esterified with diazomethane to facilitate handling. 
Analysis of the crude products on TLC indicated a complex mixture . 
Separation by MPLC afforded the 3a , 6-dihydro indanone ester 50 as the major 
product in a reasonable yield (38-46%) . The relative stereochemistry of 
the side chain alkylated at C-3a was uncertain at this stage . We initially 
1111 
OMe 
o OMe 
CO-;- M+ 
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47a M = K 
47b M = Li 
50 
. It . 60 It indicates an exces s of metal in the ammonla so u lon . 
Alkylation with crot yl bromide led to a more complex mi xture of 
pr oducts. Further more , t he chances of selective cleavage of the 
crot yl double bond was hi ghly unlikel y, so that reductive alkylation 
with t he cr ot yl bromi de was subse quently abandoned . 
39 
uuu . 
assumed that the C-1 carboxyllc acid group would direct the alkylation 
onto the opposite face of the molecule, i . e. an anti stereochemical 
relationship. This st er eochemical assignment was subsequently confirmed by 
X-ray crystallographic analysis (vide infra section 1. 3) . Along with the 
ester 50, a small amount of the isomeric 6,7-dihydro indanone ester 2! (0-
5% yield) and 4,7-dihydro indanone ester 52 (6% yield) were isolated . The 
U formation of the latter was totally unexpected. Nevertheless, its proton 
and 13c spectral data together with the results from the homonuclear proton 
decoupling experiments are in good agreement with the proposed structure. 
o o 
~----(' 
UUU It was reported 49 that in the reductive methylation of the tetralone 
acid 35, the carboxylic acid group served as a stereochemical control 
element to give preferentially the anti alkylation product 37. 
0 0 0 ¢groMe (boMe roOMe 35 .. ~ 3 
-
-
C02H C02H 37 C02H 
# In fact, a similar alkylation product was also observed.in the 56 
reductive alkylation of 6-methoxy-3-(methoxymethyl)oxY-lndan-1-one. 
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Mechanistically , the metal-ammonia reduction of 34 is believed to 
proceed via the dianion intermediate 47 derived from a two-electron 
reduction/one-proton addition process (Scheme 1-4) , The regiochemistry of 
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the reduction is gove r ned by the inde pendent directing effects exerted by 
t he subs t ituents on the molecule . I t is known 61 that electron-withdrawing 
s ubstituents (f or example a carbonyl group) promote a 1 , 4-reduction at the 
position beari ng the substituent, whilst electron-donating substituents 
(f or example a methoxyl group) engender reduction at the 2, 5 positions . 
Experimentally , electron-withdrawing substituents are always dominant in 
directing the reduction whenever there are opposing directing ef fects from 
electron-donati ng s ubstituents . In the reduction of the indanone acid 34 , 
these opposite directing effects from the carbonyl and methoxyl are in 
harmony and arrive at the intermediate dianion 47. Therefore , in situ 
alkylation afforded the acid 48, while a parallel Y-alkylation process 
provides the isomeric acid 49. However, it is difficult to account for the 
formation of the ester 52 by the present mechanism , and the existence of a 
second reduction pathway may be assumed . A plausible explanation would be 
that enolisation of the carbonyl function of 34 takes place , to give the 
enolate 53 , prior to the reduction (Scheme 1-5)and is preserved throughout 
the reduction process . The course of the reduction is then dictated by the 
methoxyl group and takes place with an alternative orientation to arrive at 
the dianion intermediate 54. Subsequent equilibration , Y-alkylation and 
esterification then leads to the formation of 52 . There are scattered 
58b 
analogous examples of the Birch reduction of aryl alkyl ethers as 
62 
exemplified by that of the fluorene 55 (Scheme 1-6 , p . 42) . The methoxy 
nucleus was reduced preferentially whilst the phenolic nucleus was 
preser ved to gi ve the dihydro compound 56. It was rationalised that the 
phenolic hydroxyl group was converted to the phenoxide anion 57 in the 
course of reduction . It is possible to view the phenoxide 57 as a 
vinylogous equi valent of the enolate 53. 
Scheme 1-5 
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1.2. Model Study of a Chemoselective Cleavage of Olefinic Double Bond 
in Diene 58 
After the successful incorporation of the prenyl side chain at C- 3a, 
the next logical step involved its transformation into an ethanal moiety by 
means of an oxidative cleavage process. The diene 58, obtained from acidic 
hydrolysis of the enol ether 50, was chosen as the model substrate for such 
a transformation. As anticipated, this was not a straightforward 
operation since there were two equally substituted olefinic bonds in the 
molecule. The objective was to effect a selective cleavage of the prenyl 
double bond while preserving the double bond in the carbocyclic nucleus. 
o OMe o o 
50 58 
Nevertheless, on closer examination, it is possible that the carbocyclic 
double bond is deactivated, though to a very small extent , by the presence 
of a methoxycarbonyl and carbonyl located a and B to it respectively. More 
importantly , on steric grounds , the prenyl double bond is relatively more 
exposed so that approaches by the oxidising agents may be much favoured . 
There are numerous direct and indirect methods in the literature for 
effecting oxidative cleavage of an olefinic bond to carbonyl compounds , 
including CiS-dihYdrOXYlation63 followed by cleavage of the resulting 
diOl,64 OZOnOlYSiS,65 epoxidation 66 and subsequent periodate cleavage. 67 
However, there appears to be no pr ecedent for a chemoselective process in 
this regard. 
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In order to establish the feasibility of a chemoselective oxidative-
cleavage of the prenyl double bond , the diene 58 was subjected to treatment 
with one equivalent of osmium tetroxide .68 Not unexpectedly , a mixture of 
the isomeric diols 59 and 60 was obtained in an approximate ratio of 1 :1. 
A catalytic process with osmium tetroxide , using N-methyl morpholine-N-
oxide69 as the oxidant only provided a better isolated yield but no 
improvement in the selectivity of the reaction . Exclusive hydroxylation of 
the carbocyclic double bond was observed when neutral potassium 
---L-- OH 
o o o o 
59 60 
70 permanganate was employed . Surprisingly, treatment of the diene 58 with 
meta-chloroperoxybenzoic acid resulted in exclusive epoxidation of the 
prenyl double bond . The epoxide §i was obtained in high yield as a 1 : 1 
epimeric mixture . Since the asymmetric centre would become trigonal , 
following the subsequent oxidative cleavage , no attempts were made to 
o o 
61 
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separate the epimers . Although a complex mixture was obtained when the 
epimeric epoxide ~ was stirred with periodic acid in THF , it was possible 
to detect the desired cleavage product 62 as evidenced by the presence of 
an aldehydic proton signal (0 9.6) in the proton NMR spectrum of the crude 
product . Presumably, the presence of water (from periodic acid dihydrate) 
together with the participation of the neighbouring carbonyl groups gave 
nn 
rise to complications as illustrated in Scheme 1-7 . The approach by the 
periodate ion was intercepted by the water molecule to give the diol 60, 
which under the acidic condition readily cyclised to the surprisingly 
stable hemiacetal 63. The formation of 63 could then prevent the diol 
mOiety from undergoing periodate cleavage. 
Nevertheless, we had achieved our primary goal in establishing the 
condition for a chemoselective oxidation of the prenyl double bond . It 
could be expected that the oxidative cleavage of the epoxide moiety should 
be straightforward when both C-3 and C-5 carbonyl functions are masked. 
OH 
CHO 
o o o 
OH 
62 63 
nn In Scheme 1-7, the formation of a hemiacetal involving the five-
membered ring carbonyl group is equally plausible . 
Scheme 1-7 
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1.3. Transformat i on of Diene 68 to Enal 70 
When the enol ether 50 was treated with ethylene glycol at elevated 
temperatures in the presence of pyridinium para-toluenesulfonate , 71 the 
acetal 64 was obtained in high yield as a crystalline solid. As this was 
the first crystalline intermediate since the reductive alkylation process , 
it was decided to clarify the stereochemical relationship between the C-1 
methoxycarbonyl gr oup and the C-3a prenyl side chain by means of X-ray 
crystallography. Suitable crystals could only be obtained from 
dichloromethane/hexane by the liquid diffusion technique . 72 Single crystal 
X-ray analYSiS### agreed with our earlier prediction showing that the 
prenyl side chain was added anti to the methoxycarbonyl function . A 
perspecti ve ORTEP drawing of the keto acetal 64 is presented in Figure 1-1 . 
o 
64 
The C-3 carbonyl was reduced to a lower oxidation level in order that 
it might be differentiated from the C- 5 oxygen function . Sodium 
borohydride reduction of the dienone 64 in ethanol proceeded very slowly to 
gi ve a mixture of three products . Analysis of the proton NMR spectra of 
t he products revealed that the mixture was not a result of the introduction 
of an asymmetric centre at C-3 , but arose from isomerisation of the C-7 , 7a 
double bond as well as epimerisation of the C-1 methoxycarbonyl to give a 
### The author is grateful to Dr . A. C. Willis for performing the X-ray 
analysis . 
Figure 1-1. ORTEP stereoscopic view of 64 with crystallographic 
numbering scheme . 
(For crystallographic data, see Appendix) 
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mixture of 65 , 66 and 67 in a ratio of 1 :9:10 . However , when the reduction 
was conducted in methanol , reaction proceeded rapidly to afford the dienol 
67 as a single product in almost quantitative yield . The lack of the other 
epimer was apparent from the proton and 13C NMR spectra of 67. The 
stereoselectivity observed in the above reduction can be easily 
rationalised . The free - rotation of the prenyl side chain completely 
shields the top face of the molecule and therefore renders the hydride 
approach from the bottom face , i . e . the resulting hydroxyl is syn to the 
prenyl s ide chain . The stereochemistry of this centre has later been 
confirmed (vide infra) . Although this is of no consequence in our 
synthesis as this centre will be refunctionalised to the carbonyl at a 
later stage , it certainly provides the advantage of working with a single 
epimer in the subsequent steps. After acetylation of the hydroxyl group in 
67, the res ulting diene 68 was epoxidised with meta-chloroperoxybenzoic 
acid to gi ve the epoxide 69 (96% yield) , once again , as an approximate 1: 1 
epimeric mixture . The mixture was subjected , without separation , to 
periodic acid cleavage to furnish the aldehyde 70 in an unoptimised 40% 
yield from the diene 68 . 
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The search for a more expeditious but chemoselective route to the 
aldehyde 70 led us to reinvestigateP the feasibility of a selective 
ozonolysis of the diene 68. Hence, §8 was subjected to one equivalent of 
PP . 73 
ozone In the presence of pyridine and in situ decomposition of the 
resulting ozonide with dimethyl sUlfide74 afforded the aldehyde 70 in an 
almost quantitative yield. It was demonstrated that the stoicheiometry of 
ozone used and the existence of pyridine in the reaction mixture were 
crucial to the success of a chemoselective cleavage. In separate 
P 
0 
~ AcO 0) 
0 
0) 
~ 
AcO --
- 69 
0 C02Me HI04 
~ CHO 
- 0) - ~ACO C02Me 
68 0 3 / Pyr. 0 
~ 
-
-
C02Me 70 
Preliminary investigation of the ozonolysis of the diene 58 had been 
carried out and an unidentified product was obtained . The-proton NMR 
spectrum of this product suggested the structure proposed below. No 
sign of the desired aldehyde was observed. 
OH 
o 
HO--l--.v 
PP Ozone was dissolved in dichloromethane at -78 o C, and the resulting 
blue solution was standardised by iodometric titration . A calculated 
amount of the ozone solution was used for the reaction. 
experi ments with the diene 68, addition of excessive ozone in the presence 
of pyridine resulted in cleavage of both olefinic bonds, while addition of 
one equ i valent of ozone in the absence of pyridine afforded a mixture of 
unchanged 68 and non-selective cleavage products . 
In their studies of the effect of pyridine on the ozonolysis of 4,22-
stigmastadien-3-one, Slomp and Johnson73 postulated that the formation of 
an ozone-pyridine complex ~ was responsible for the selectivity that they 
observed. The complexation with pyridine was believed to reduce the 
electrophilicity of the ozone molecule to a sufficient extent that the 
difference in electron density of the two double bonds became significant 
and hence the observed selectivity . In our case, however, both double 
bonds are equally substituted and would hardly offer any electronic 
preference . The selectivity observed is probably due more to the 
difference in the steric environment between the two double bonds. Thus, 
the bul kiness of the ozone-pyridine complex ~ renders it more sensitive to 
the steric environment of the two double bonds and hence gives the 
chemoselectivity. 
71 
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1.4. Formation of the O-ring via an Intramolecular Aldol Process 
Having achieved a selective cleavage of the prenyl double bond, the 
intramolecular aldol type cyclisation of the resulting aldehyde 70 was then 
investigated. Mori and Matsui 75 in their synthesis of Kaurenoic acid 
effected a base-catalysed aldol type ring closure to give the D-ring of 
their target molecule. We believed that it was feasible to utilise a 
similar procedure in our elaboration of the D-ring. 
OH 
o NaOMe 
MeOH / reflux 
Prior to the aldol reaction, the C-5 carbonyl was required to be 
released from its acetal protecting group. Mild acid hydrolysis of the 
acetal 70 gave a mixture of products. However, the presence of aldol type 
cyclisation products was apparent from a cursory examination of the proton 
NMR spectrum of the crude mixture. In view of this promising observation, 
it was believed that both the required deprotection and cyclisation could 
be achieved in a one-step reaction as compared with the previously proposed 
base-catalysed approach. Indeed, an analogous situation had been observed 
by Ireland et al. 76 in their synthesis of Atisirene (Scheme 1-8). They 
found that, under acidic conditions, it was not possible to isolate the 
keto aldehyde from its respective keto acetal without the intervention of 
an aldol type cyclisation process. 
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Scheme 1-8 
Hence, 70 in a refluxing mixture of aqueous hydrochloric acid and 
acetone promptly provided the aldol cyclisation products 72a and 72b as a 
5 : 1 epimeric mixture accompanied with a trace of side product believed to 
be the hemiacetal 73 on the basis of proton NMR (0 5 . 6 , 2H; 4. 5 , 1H) . A 
ACO~O AC0'W0 
: OH 
HO C02Me 
72a o 72b 
o 
73 
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part ial separati on of the two isomers was achieved by MPLC. so satisfactory 
spectral anal ys es of t he individual epimers were possible . The success of 
the cycli sation was unambiguously proved on inspection of the proton NMR 
s pectrum of the al dol product 12a . Three diagnostic signals were noted: 
( 1) a well defined doublet of doublets at 6 5.94 (J=2 . 0 and 6 . 5Hz) 
indicated that the allylically couPled77a olefinic proton was further 
coupled to only one vicinal protonj77b (2) a broad multiplet at 6 4.25 
r epresenting a methine proton next to a heteroatom (i.e. an oxygen)78a 
which suggested that it was the c*-16 methine protonj and more importantly. 
(3) a clean doublet of doublets of one proton at 6 3.33 (J=4.0 and 6.5Hz) 
which was presumably the C*-13 bridgehead proton. This assignment was 
substantiated by a series of homonuclear proton decoupling experiments. 78b 
In particular. the multiplet at 6 4 . 25 was significantly simplified on 
irradiation of the doublet of doublets at 6 3. 33 . while the doublet of 
doublets at 6 5 . 94 collapsed into a simple doublet with a coupling constant 
of 2 . 0Hz . The mass spectrum displayed a molecular ion of m/ z 294 
corresponding to the formula of C15H1806 while absorptions at 3595 and 3440 
cm-
1 in the infra red spectrum indicated the presence of a hydroxyl group . 
All these spectral data are consistent with the structure of the 
cyclisation product . 
The proton NMR spectrum of the other epimer 12b was almost identical to 
that of 12a with the exception of the diagnostic protons H*-14. H*-16 and 
H*-13 as these were relatively shifted downfield by approximately 0 . 1 ppm 
(6 6 . 05 . 4. 35 and 3. 47 r espectively) . This downfield shift can be 
77c 
explai ned by the des hielding effect of the hydroxy oxygen on H*-14 while 
H*- 16 was anisotropically deshielded78c by the C*-12 carbonyl. Although no 
s oli d explanation could be offered f or the similar shift of the bridgehead 
H*- 13. t he present assignment of the stereochemistry of these epimers were 
un equ i vocall y co nf irmed in subsequent mani pulations (vide i nfra) . 
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In order t o pr ovide flexibility in the construction of the A-ring , both 
C*-12 and C*-16 oxygen functions were retained and protected at this stage. 
The convers ion of the C*-16 carbonyl to a 1,3-dioxolane ring was not 
uneventful . Under acidic co nditions , the epimeric keto alcohols 12 
underwent a retro-aldol/aldol process causing complications . Detailed 
inves tigation into this problem will be presented in the next chapter . In 
addition , basic hydrolysis of the C*-10 acetoxyl group under mild 
conditions , in order to refunctionalise the carbonyl for elaboration of the 
A-r ing , led to concurrent migration of the C*-8 , 14 double bond into 
conjugation with the c*-6 methoxycarbonyl group . This isomerisation would 
prove disastrous to our planned synthetic sequence as the c*-6 
methoxycarbonyl was the only stereochemical control element in the 
subsequent elaboration of the A-ring . An alternative protecting group for 
the C* - 10 oxygen function was required and will also be discussed in the 
following chapter . 
CHAPTER 2 
Preparation of a Synthetically Flexible Intermed i ate 
2. 1. Assembly of the 8- C-D Ring Skeleton on the Di chl oroaceto xy 
Derivative 74 
2 . 2 . Preparation of the Synthetically Flexible Tricyclic 
Intermediate 89 
5 6 
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CHAPTER 2 Preparat i on of a Synthetically Fle xi ble I ntermediate 
As described in the previous chapter, the C*-10 oxygen function was 
masked as an acetoxy moiety to avoid its participation in the 
intramolecular aldol process. However, during basic hydrolysis of the 
acetoxy group to refunctionalise the C*-10 carbonyl function, it was 
observed that the C*-8,14 double bond migrated readily into conjugat i on 
with the C*-6 methoxycarbonyl, even under very mild conditions (for 
example , K2C0 3 in methanol; 79 catalytic KCN in methano1
80 ) . The propensi t y 
of the above double bond to isomerise demanded an alternative protecting 
81 group for the C*-10 hydroxyl in place of the acetoxyl. 
OR OR 
AcO (0 ) HO (0 ) 
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2.1. Assembly of the B-C-D ring Skeleton on the Dichloroacetoxy 
Derivative 74 
An ideal protecting group would be one which can be introduced and 
removed readily under extremely mild conditions, but is inert to the acidic 
conditions of the subsequent intramolecular aldol cyclisation . The 
dichloroacetoxy mOiety appeared to be a suitable candidate in this respect. 
In addition, its methine hydrogen provides a useful marker (a singlet at 
approximately 0 5.9) in the proton NMR spectra for its immediate 
identification. 
Thus, treatment of the alcohol 67 with dichloroacetyl chloride provided 
the dichloroacetate 74 in high yield. Following the previously described 
sequence (vide supra Chapter 1), 74 was subjected to selective ozonolytic 
cleavage of the prenyl double bond to afford the aldehyde 75. 
HO 
DCAO 
DCAO 
OH 
DCAO~O 
This was followed by acid catalysed in situ deacetalisation and aldol type 
cyclisation. A cursory examination of the proton NMR spectrum of the crude 
material suggested that the reaction proceeded cleanly to give an epimeric 
mixture of cyclisation products with the dichloroacetoxy moiety intact. 
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The distribution of the endo (76a ) and ~ (76b) isomers# was approximately 
7:1, as determined by GC analysis. Partial separation was achieved by 
flash chromatograPhy83 to afford a small amount of the less polar endo 
isomer 76a. Its proton NMR spectrum (6 5.97, H*-14, J=2.0Hz and 6. 6Hz; 6 
4.24, H*-16, multiplet; and 6 3 . 35, H*-13, J=3.7Hz and 6.6Hz ) was similar 
to that of the acetoxy analogue 72 (vide supra Chapter 1) . 
OH 
DCAO~O 
7 : 1 
DCAO
WO 
:: OH 
C02Me 
76b 
Having established the B-C-D rings skeleton of our target molecule , the 
next synthetic manoeuvre involves the elaboration of the A-ring . There 
exist two possible routes in achieving the annulation of this final ring 
(Scheme 2-1). 44 The first adopts Dolby's methodology, i . e . the 
"alkylation-aldol" approach, used in his synthetic studies of the 
gibberellins. A propionate fragment is first attached to C*-5 anti to the 
C*-6 methoxycarbonyl . Consequently, this C*-5 propionate residue is 
expected to direct an allylation at the prochiral C*-10 from the opposite 
face of the molecule. The resulting C*-10 allyl side chain is then 
42 transformed , along previously reported routes, to a propanal moiety, 
followed by an intramolecular aldol process to furnish the A-ring. An 
# . 82 Endo/Exo nomenclature: Accordlng to the R,S-sequence rule , a 
carbonyl function has higher ~iority to a double bond, hence the 
carbonyl function is chosen as the reference substituent . The isomer 
with the hydroxyl pointing towards the carbonyl function is called the 
endo isomer . Consequently , the isomer with the hydroxyl pointing away 
from the ca rbonyl function is called the exo isomer. 
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alternative to the above approach is to employ the "Michael-aldol" sequence 
42 developed by Mander and co-workers in their total syntheses of the 
gibberellins. The C*-6 methoxycarbonyl function should serve, once again, 
as a remote stereochemical control element in steering an allyl side chain 
from the opposite face onto the C*-10 carbonyl. The resulting hydroxyl is 
converted into a propionate unit and a double bond is introduced between 
C*-5 and C*-6 which serves as a Michael receptor in the construction of the 
lactone bridge. Subsequent elaboration of the C*-10 allyl mOiety, as 
described in the former approach, would lead to the completion of the 
A-ring. 
Clearly , both approaches rely heavily on the C*-6 methoxycarbonyl for 
stereochemical control, although their requirements are completely 
contrary. Nevertheless, both of these requirements can be easily 
accommodated by the common intermediate 77, simply by manipulating the 
chemically interchangeable C*-12 and C*-16 oxygen functions. In the 
"alkylation-aldol" approach, the hydroxy bridge ultimately becomes the 
C-ring bridge, hence the hydroxy oxygen must be removed. However, in the 
"Michael-aldol" approach, the carbonyl oxygen is redundant as the hydroxy 
bridge has to be transformed into the D-ring bridge. At this stage, both 
C*-12 and C*-16 oxygen functions are retained and protected until the 
sequence for the elaboration of the A-ring is finalised . 
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2.2. Preparation of the Syntheti cally Flexi ble Tricycli c 
Intermediate 89 
When a 7:1 endo/exo isomer mixture of the aldol products 76 was 
subjected to a standard acid catalysed acetalisation procedure (ethylene 
glycol, ~-toluenesulfonic acid , dichloroethane under reflux),84 a mixture 
of three products was observed from the TLC . These three products were 
readily separated by flash chromatography and were examined individually . 
Surprisingly , t he least polar compound obtained in 26% yield was identified 
as the corresponding endo isomer 78 while the exo isomer 79 was isolated in 
45% yield . The balance of the material was the most polar alcohol 80 
(16%) , while no trace of the isomeric alcohol 81 was detected . These 
structural assignments were based on preliminary inspection of Dreiding 
models , followed by detailed examination of the proton NMR spectra of 78, 
79 and 80 (Table 2- 1, p.64) , and were confirmed in later chemical 
transformations . 
DCAO 
HOO) DCAO 0) 
0 0 
: OH - -
= C02Me C02Me 
78 79 
HO~ 
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0 0 
-
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In the case of the e xo isomer 79 (Figure 2-1) , geminal couPlings77d of 
13.2Hz and 13 . 4Hz were observed for the C*-ll and C*-15 methylene protons 
respectively, and are in close agreement with reported values in analogous 
851111 
systems. H*-15 of the latter methylene group appears as a doublet of 
doublets due to an additional 8 . 3Hz coupling with the adjacent H*-16. This 
large vicinal coupling is consistent with the observed dihedral angle77b 
(¢H_15,H_16-100, obtained from Dreiding models). H*-15', on the other 
hand, appears as a doublet of multiplets . This splitting pattern arises as 
a result of a small vicinal coupling to H*-16, consistent with a dihedral 
angle of approximately 130 0 (obtained from Dreiding models), as well as a 
long range "W-cOUPling,,77e (4 JH _15 ', H_11 ,=3 . 2HZ) to H*-ll '. 
o 
1111 C .f. 
'---- OCOCHCI2 
Figure 2-1 
¢H-13,H-16 
¢H -15,H-16 
- 50 0 
- 10 0 
¢H-15', H16 - 130 0 
J 8 =8.3Hz; J 7 8 =2 . 6Hz ; J 8 8 =13.7Hz. 7x , x x, n x, n 
se;7X OH 8x 8n 
# 
Table 2- 1 
H*-11 
H*-11 ' 
H*-13 
H*-14 
H*-15 
H*-15 ' 
H*-16 
Selected proton NMR data (6) for 78, 79 and 80, coupling 
constants in parentheses . 
78 79 80 
2. 13 1.83 1. 86 
(J=12.9Hz) (J=13 . 2Hz) (J=13 . 2Hz) 
1.73 1. 49 1. 51 
(J=3 . 2 & 12 . 9Hz) (J=3 . 2 & 13 . 2Hz) (J=3 . 2 & 13 . 2Hz) 
2 . 75 2. 92 3. 00 
(J=1 .9 & 6 . 8Hz) (J=3.3 & 6 . 1 Hz) (J=2 . 9 & 6. 4Hz) 
6. 04 6 . 06 5 . 98 
(J=2.2 & 6 . 8Hz) (J=2 . 0 & 6 . 1 Hz) (J=2 . 0 & 6. 4Hz) 
-2.10 2 . 08 1. 99 
(obscured) (J=8 . 3 & 13 . 4Hz) (J=8 . 3 & 13 . 4Hz ) 
1. 22 1. 28 1. 32 
(m) (dm) (dm) 
-4 . 00 4.40 4 . 11 
(obscured) (m) (m) 
m = multiplet , dm doublet of multiplets. 
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The proton signals in the methylene region of the endo isomer 78 are 
not as well res olved as that of the exo counterpart . Nevertheless, the 
C*- 11 methylene protons can be readily identified as a typical AS-
SPlitting77f with a geminal coupling of 12.9Hz . The highfield half of the 
AS system is observed as a doublet of doublets as a result of an additional 
. 77e 4 l ong range four-bond couplIng (JH- 11 ', H_15 , =3 . 2HZ) and is therefore 
unambiguo usly assigned H*-11 ' . Unfortunately, the signal due to H*-15 is 
obscured by the H*-5 and H*-11 resonances while H*-15' appears as a 
complicated multiplet . 
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Nonetheless , contrary to the exo isomer, we would expect to observe a 
smaller vicinal coupling between H*-15 and H*-16, and a large one between 
H*-15 ' and H*-16 . One intriguing feature is the smaller 3JH- 13 ,H-16 value 
(1 . 9Hz) observed for the bridgehead H*-13 when compared with its exo 
counterpart (3 . 3Hz) . Conformational analysis, based on examination of the 
corresponding Dreiding models , reveals that C*-13 and c*-16 are locked in a 
staggered conformation with the bridgehead H*-13 bisecting H*-16 and the 
hydroxyl as exem plified by the exo isomer (Figure 2-2). This implies the 
dihedral angles between the H*-13 and both H*-16 and hydroxyl should be 
equivalent . Consequently, both exo and en do isomers should display the 
same 3J value. H-13,H-16 
Figure 2-2 
A plausible eXPlanation# for this discrepancy 
<P 6 - <PH- 1 3, OH - 50
0 
H-1 3, H-1 
J H-13,H-16 3. 3Hz 
# Initially we speculated the possibility of the formation of an isomeric 
internal acetal structure as shown below , in place of 78. The 
formation of such a seven-membered 1, 4-dioxo ring displays no sign of 
steric strain in the system as demonstrated on examination of the 
corresponding Dreiding model . It is possible that such internal dioxo 
ring would twist the C*-13 , 16 bond and results in an increase of the 
dihedral angle between H*-13 and H*-16: This s~eculation , 9~wever , was 
quickly dismissed by other spectroscop1C data , 1.e. MS and C NMR. 
o/j DCAo'cEY0 
OH 
~ 
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would be that the C*-13 , 16 bond is twisted slightly in order to accommodate 
the intramolecular hydrogen-bonding# between the hydroxy hydrogen and the 
acetal oxygen , hence widening the dihedral angle between H*-13 and H*-16 as 
illustrated in Figure 2-3 . This would then give rise to the observed 
difference in the 3J value of the exo and endo isomers . H-13 , H-16 
H13 
OH 
/ 
0) 
0 
Cs Cg Cll 
Figure 2-3 
~H-13,H-16 - ~H-13 ,OH - 60 0 
J H-13,H-16 1. 9Hz 
The alcohol 80 displays a proton NMR spectrum similar to that of 78 
(Table 2-1, p . 64). However, two extra multiplets at 0 3 . 70 (2H) and 3.50 
(2H) indicate the presence of an extra ethylene glycol residue . On 
treatment with methanesulfonyl chloride , the proton NMR spectrum of the 
resulting methanesulfonate 82 shows a relative downfield shift of one of 
the multiplets to 0 4.32, while the other appears at 0 3.65. This 
observation together with the 13C NMR data (0 75.60 and 66.25, methylene 
carbon), both substantiate the proposed structure . 
DCAO 0) DCAO 0 ) 
0 0 
: O~OH 0~OS02Me .:: C02Me C02Me 
80 82 
# Similar intramolecular hydrogen-bonding was also observed in an 
analogous system , i.e . intermediate 129, refer to Chapter 4. 
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Most surprising was the 3 :5 ratio of the endo (18) and exo (19) 
acetalisation products since the reaction was begun with a 7 :1 endo/exo 
aldol mixture. This result , together with the formation of 80, suggested 
the possibility of the occurrence of a retro-aldol/aldol process during the 
acid catalysed acetalisation . When the acetalisation was repeated under 
similar conditions , but with a shorter reaction time (monitored by TLC for 
the disappearance of starting material) , only two products 18 and 19, in 
the ratio of 3.5:6 . 5 , were obtained. Formation of 80 was detected only 
when the reaction time was prolonged. From this observation, we can 
visualise a rapid retro-aldol/aldol equilibration between 18 and 79 leading 
to the epimerisation of the C*-16 hydroxyl, with 19 being the 
thermodynamically more stable product . Two tentative pathways for the 
formation of 80 can be visualised. One involves a retro-aldol ring opening 
of both hydroxy acetals 18 and 19 leading to the aldehyde intermediate 83 
which is trapped by an ethylene glycol to give the dienic acetal 84 and 
followed by an aldol ring closure to afford 80 (Scheme 2-2 , p.68) . The 
other involves initially a retro-aldol process of 16, followed by an 
immediate trapping of the aldehyde moiety by an ethylene glycol to afford 
the intermediate 85. Subsequent ring closure of 85 to 86 and acetalisation 
of the remaining carbonyl function in 86 then led to the formation of 80 
(Scheme 2-3 , p . 69). However, the actual mechanism was not investigated. 
Attempts to "freeze" the facile retro-aldol/aldol process at the 
acetalisation step wer e conducted. These results are tabulated in 
Table 2-2 . In general, the formation of 80 was inhibited but the retro-
aldol/aldol process had not been eliminated. Although the stereochemistry 
. 1/11 
of this hydroxy centre is of no concern to subsequent transformatlons, 
## The oxygen function will be removed later in the sequenc2 and this 
centre would either become the C*-12 methylene or the sp C*-16 of the 
target molecule. 
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Table 2-2 Distribution of the acetali sat ion products 18, 19 and 80 under 
various react ion conditions 84 
16 18 19 80 
HOCH2CH20H/E-TsOH/~/18hr. R=H 30% 51% 19% 
HOCH2CH20H/E-TSOH/~/2hr. R=H 36% 64% 
(CH2O)2C(Me) Et /E-TsOH/R. T. /3hr . R=H 60% 40% 
TMSOCH 2CH2OTMS/TMSOTf/5°C/18hr. R=H 49% 51 % 
--ditto-- R=TBDMS 45% 55% 
it would be advantageous to wor k with a single isomer. Further 
investigations led to a r efined acetalisation process which would 
circumvent the retro-aldol /al dol problem and will be discussed later 
(vide infra Chapter 4). 
Having masked the C* - 12 carbonyl function, the next step involved 
protection of the C*- 16 hydroxyl . It was thought, at this stage , to 
81a protect it as a methoxymethyl ether . Thus , the alcohol 19 was treated 
with chloromethyl methyl ether to afford the corresponding ether 87 in good 
yield, and not unexpectedly , 78 gave no reaction but returned the starting 
material . Presumabl y, the hydroxyl of 18 was deactivated from reaction as 
a result of the intramolecular hydrogen-bonding and steric hindrance. Wh en 
DCAO DCAO 
OMOM 
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87 was briefly exposed to a mixture of aqueous methanol and triethylamine 
at ooe, the dichloroacetyl protecting group was cleaved readily to 
regenerate the e*-10 hydroxyl without incident. Subsequent pyridinium 
dichromate oXidation86 of the resulting alcohol 88 provided the tricyclic 
ketone 89 in good overall yield from 87. With this tricyclic intermediate 
in hand, investigations into the possible routes for the elaboration of the 
A-ring were initiated. The "alkylation-aldol" approach was first 
investigated and will be discussed in the following chapter . 
HO 0) 0 0) 
0 0 
- OM OM OM OM C02Me C02Me 
88 89 
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CHAPTER 3 Hodel Studi es on the Constructi on of t he A- Ring via t he 
"Alkylation- Aldol " Approach 
With the synthetically flexible intermediate 89 in hand, we directed 
our attention towards the construction of the A-ring. The two options 
available , as discussed in the previous chapter, are the "alkylation-aldol" 
approach and the "Michael-al dol" approach . The former approach was 
investigated first and will be discussed in this chapter. 
The success of the "alkylation-aldol " approach hinges on the sequential 
introduction of the lactone bridge residue at C*-5, followed by the A-ring 
element at C*-10 in a completely stereochemically controlled manner, as 
illustrated in Scheme 3-1 (p .74). Elimination of the appropriate oxygen 
function (i . e . the hydroxy oxygen) on the right-hand portion of the 
flexible intermediate should eventually lead to the target mol ecule with 
t h · # the correct relative s ereoc emlstry . 
o 
OMOM 
89 
# Since we are dealing with racemic compounds , throughout this thesis, 
the C*-6 methoxycarbonyl in all synthetic intermediat es will be 
depicted with an a-stereocnemistry for uniformity. 
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3.1. Stereoselective Introduction of the Lactone Residue via Alkylation 
3.1.1. Alkylation via Metal Enolates derived from the C*-10 Carbonyl 
The first stage of the sequence requires attachment of a propionate or 
propionaldehyde fragment on C*-5 . The stereochemistry of this fragment is 
expected to be dictated by the adjacent C*-6 methoxycarbonyl substituent. 
In principle, attachment of this three-carbon fragment can be easily 
achieved by a direct a-alkylation of the C*-10 carbonyl with, for example, 
an alkyl 2-halopropionate. Bergel'son and Grigoryan 87 reported a similar 
alkylation of cyclopentanone with methyl 2-bromopropionate, via an enamine 
intermediate , to furnish the Y-keto ester in 34% yield . However , the 
acidic conditions required for the formation of an enamine intermediate88 
would be totally incompatible with the presence of the two acid - sensitive 
protecting groups (i.e . the 1,3-dioxolane acetal and the methoxymethyl 
ether) in the tricyclic intermediate 89. In addition, the carbonyl group 
a 
is considerably hindered for enamine formtion , while the a',a'-substituents 
A 
(C and D-ring bridges) would probably prevent the enamine moiety from 
achieving planarity for orbital-overlap and hence ~Ylation . 89 These 
limitations can be readily overcome by using a metal enolate intermediate 90 
generated from 89 with a base, for example, a metal amide . The use of an 
alkyl 2-bromopropionate may not be the best choice for the desired 
alkylation as reflected by the low yield which was ultimately obtained in 
the above mentioned alkylation. Nevertheless, there are a vast array of 
propionate and propionaldehyd e enolate cation synthons which can be 
considered; for example , 1-nitro-1-PhenYlthiopropene91 for the former, 
0d 92 
while for the latter , propyl ketene thioacetal monOXl e or 
l-nitropropene . 93 Alternatively, the propionate fragment can be installed 
stepwise, first by introducing an acetate unit, then followed by 
incorporation of the remaining methyl group. Although an additional step 
76 
is required , this latter route is favoured for two reasons. First, the 
ethyl bromoacetate, a commonly used acetate enolate cation equivalent , is 
readily available. Secondly , in view of the low yield obtained with 
bromopropionate (vide supra ) , it is expected that alkylation with the 
bromoacetate (primary versus secondary halide) would provide a more 
satisfactory result . In order to investigate the viability of this 
alkylation process and its stereochemical outcome , the use of ethyl 
bromoacetate as the alkylating agent was initially commissioned . 
The use of a bulky base at low temperatures for the formation of the 
kinetic enolate is well documented . 94 In principle, exclusive enolisation 
of the C*-10 carbonyl instead of the C*-6 methoxycarbonyl should be 
observed under kinetic conditions . 94 Accordingly, ketone 89 was added to a 
solution of lithium N-tert-butyl-N-cyclohexylamide at -78°C, followed by 
addition of ethyl bromoacetate (-78 o C ~ OOC). However, a complex mixture , 
as well as unchanged 89 , was obtained as indicated by TLC . No alkylation 
was observed as indicated by the absence of the ethyl acetate residue 
signals in the proton NMR spectrum of the crude reaction mixture . The use 
of ethyl iodoacetate in the al kylation was also investigated but without 
success . At this stage, it seemed prudent to carry out model studies, in 
order to screen appropriate alkylating agents and to establish optimal 
reaction conditions for the alkylation step . The bicyclic ketone 64 and 
the indanone ester 90 appeared to be appropriate as model substrates, both 
being readily available from our earlier synthetic sequence. 
o 
~----r o 64 
o OMe 
90 
77 
In order to investigate the possibility of a rapid equilibration of the 
C*10 carbonyl enolate (2l) to the C*-6 methoxycarbonyl enolate (92) under 
the prevailing reaction conditions, the bicyclic ketone 64 was added to a 
preformed lithium N-tert-butyl-N-cyclohexylamide solution at -78 o C. The 
reaction mixture was then quenched with deuterium oxide. Proton NMR of the 
crystalline solid obtained (93) showed exclusive incorporation of deuterium 
at C*-5. The complete collapse of the eight-lines splitting pattern of the 
C*-5 methylene (ABX spin system)77f into a broad signal, together with the 
+ 
mass spectral analysis (C18H2305D, M =321), excluded the conjectural 
equilibration of the enolate intermediates. However, when the enolate 
intermediate 2l was quenched with ethyl bromoacetate, no alkylation product 
was obtained while the parent ketone 64 was recovered quantitatively. On 
0) 
+ -
0) 0 0 Li 0 
0 o~ 0 .-
~ 
: 
-
= -C02Me C02Me o Li 
64 91 - + 
/ ~ 92 
0 0) 0 0) 
0 0 
0 ~ R 
-
: R CH2C02Et - -
C02Me C02Me 
93 
78 
the other hand, the siloxymethyl ketone 94, prepared from 64 by a 
reduction-selective Silylation95 -oxidation sequence, was enolised under 
96 
standard conditionSClithium N,N-diisopropylamide, -60 0 C) and subsequently 
quenched with ethyl bromoacetate. The alkylation product 95 was obtained 
k 1 1 . . . t t C* 5 ## . C19<1) upon wor up, as an : epImerIC mIX ure a -, In poor yield p . 
The balance of material was the unchanged ketone 94. Although ethyl 
bromoacetate has been successfully employed as an alkylating agent in 
literature procedures, unsatisfactory results were obtained in our case. 
This could be attributed to the low reactivities of the enolate 
intermediates with which the bromoacetate failed to react, subsequent 
proton transfer resulting in recovery of the parent ketones. Attempts to 
induce alkylation with the more reactive prenyl bromide C3-methyl-2-butenyl 
bromide) also failed to provide any useful results. 
o 
~----f" 
.. 
EtO 
.. 
........... OTBDMS 
95 
o ~---V 
...........OTBDMS 
94 
## The lack of stereoselectivity in this alkylation could be attributed 
to the presence of the C-3a prenyl side-chain which exerts an opposing 
sterie influence to the C-1 siloxymethyl group onto the incoming 
acetate fragment. 
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There have been numerous reported synthons for the synthesis of 1,4-
dicarbonyl compounds from an enolisable carbonyl substrate . Notably , 
SchleSsinger92 reported the utilisation of the ketene thioacetal monoxide 
96 as a carbonyl enolate cation synthon. The sulfoxide moiety activates 
the olefinic double bond and hence reaction proceeds via a Michael type 
addition. The drastic conditions (9M aqueous hydrochloric acid, mercuric 
chloride)97 required in releasing the aldehyde function from the thioacetal 
monoxide moiety , however , prohibited its adoption in our synthesis . 
Analogously, the utilisation of the nitro group in activating an 
olefinic double bond as a Michael receptor has been well documented. 93 ,98 
The high reactivity of this double bond, in combination with the mild 
conditions available for the transformation of the nitro moiety into a 
. 99 100 101 
carbonyl functlon, ' , render 1-nitropropene to be a highly reactive 
propionaldehyde enolate cation equivalent . On the other hand , Yoshikoshi 
91 et al . reported the smooth alkylation of dimedone with 1-nitro-1-
phenylthiopropene 97. 102 More recently, Barrett et al. reported the 
successful reaction of 97 with a wide range of nucleophiles . The high 
reactivity of this particular nitro-Michael receptor prompted us to examine 
its use in our alkylation step . An additional attractive feature in the 
utilisation of 97 instead of 1-nitropropene in the alkylation , is that it 
provides the three-carbon fragment at the desired oxidation level , i.e . a 
sulfur analogue of the required propionate ester . 
o 
t 
MeS 
M 96 97 
MeS R 
8 0 
Scheme 3-2 
( a ) 
.. 
( c ) 
.. 
a) n-BuLi, n-PrON02 b)CH3CHO, KOH c) A~O , PhH / reflux 
The feasibi l ity of the alkylation with the nitro(thio)propene 97 was 
investigated with the indanone 33 being used initially as a model 
substrate, so as to simplify product analysis . The nitro(thio)propene 97 
was prepared from phenylthioacetic acid in accordance with the procedures 
described by YOShikOShi 9' with a slight modification# at the final 
dehydration step , as outlined in Scheme 3-2 . With the nitro(thio )propene 
97 in hand , the enolate anion intermediate of 33 was generated according to 
96 standard procedures and subsequently alkylated with the reagent . As 
expected , a mixture of diastereomeric products (86% yield ) was obtained. A 
cursory examination of the proton NMR spectrum of the mixture revealed that 
33 
# The use of an excess of the methanesulfonyl chloride and triethylamine 
at low temperature in the dehydration step led tO , the formation,of a 
compound which appeared to be the methyl(phenylthlo)acetylene ; H NMR 6 
7 . 5-7 . 2 (multiplet, 5H) and 2. 2 (singlet , 3H) . The dehydration step 
was s ubsequently carr ied out by stirring the nitro alcohol with acetic 
anhydride in r ef t uxing benzene to afford the nitro olef~n 97 in 
moderate yield ; , H NMR 6 7.8 (quartet , J=7 . 8Hz) , 7.2 (slnglet), 
2 . 2(doublet , J =7 . 8Hz). 
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it consisted of three of the four possible diastereomeric Michael adducts 
98 in the ratio of 1:1 :1. The fourth diastereomer was present in minute 
quantity and its presence was detected only on closer inspection of the 
spectrum. The separation of these three diastereomers proved to be 
somewhat tedious . Despite all attempts to separate this mixture by 
chromatography using a variety of eluents, only one of the three 
diastereomeric adducts could be separated cleanly . Consequently , no 
further effort was directed towards the isolation of each individual 
diastereomer . It should be noted that the relative stereochemistry of 
these asymmetric centres was of no consequence to our synthesis. The most 
important issue, at this stage, was the transformation of the nitro moiety 
into a carbonyl function . There are a number of suitable methods in 
. 99 100 101 
effecting such a transformatIon, ' , apart from the traditional Nef-
. 103# 
reactIon . It has been demonstrated that ozonolysis of the 
corresponding nitronate salt of the nitro moiety provides an efficient 
102 
route to the carbonyl compound. Alternatively, such a transformation 
could be carried out under nearly neutral conditions (pH-6 , ammonium 
acetate buffer) by utilising a low valent titanium (III) species as the 
reductant . lOO Although we did not anticipate any problems in the 
chemoselective ozonolysis of the nitronate carbon-nitrogen double bond in 
the presence of the C*-8,14 olefinic double bond in our later synthetic 
intermediate, the latter method appeared to be a better option and was 
# Normally , the nitro compound is first converted to its nitronate and 
then subjected to treatment with strong mineral acid . 
8 2 
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subsequently investigated . 100 According to McMurry's procedure, a mixture 
of the diastereomeric nitro adducts 98 was first converted to the 
corresponding sodium nitronate salt 99, followed by treatment with aqueous 
titanium triChloride solution in the presence of an ammonium acetate 
buffer . The rapid dissipation of the violet colour of the titanium 
trichloride indicated the completion of the reaction. TLC analysis of the 
reaction mixture showed two homogeneous spots which were readily separated 
by MPLC. Inspection of the proton NMR spectra of the two isolated 
components revealed that they were both mixtures of two compounds, in the 
ratios of 2:1 and 3:1 respectively, as determined by the relative 
intensities of the methyl doublet signals . Both minor products were found 
to contain an aldehyde moiety as indicated by a methine proton resonance (-
CHO) at 6 9 . 8 and 9.7 respectively. More surprising was the simplification 
of the signals in the aromatic proton region indicating the loss of the 
phenylthio group during the reduction process . On the basis of the above 
observations and additional information from the infra red spectrum 
. -1 Itlt Itltfl (absorptlon at 1702cm ) and mass spectrum (m/z 218 for C13H1403)' the 
It It The absorption appeared as a shoulder since it was partially -1 
overlapped by the absorption of the indanone carbonyl at 1710cm . 
It It It It was substantiated by accurate mass measurement in the high 
resolution mass spectrum . 
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minor products were unambiguously assigned as the diastereomeric aldehyde 
100. Although the proton NMR spectra did not provide any substantial 
information on the identities of the two major products , other 
spectroscopic data were consistent with the structures of the 
diastereomeric nitriles 101. In particular, a prominent base peak at m/z 
-1 
215 (for C13H13N02) in the mass spectrum and an absorption at 2240cm in 
the infra red spectrum were both indicative of the proposed structure. The 
formation of both aldehyde 100 and nitrile 101 were unexpected but not 
unreasonable . The reduction of the nitro group by titanium trichloride via 
100 
an oxime intermediate has been conclusively demonstrated by McMurry . A 
further reduction of the oxime intermediate to an imine followed by in situ 
hydrolysis is the proposed reaction pathway to the formation of the 
104 carbonyl compound . In our case , however, a facile elimination of 
thiophenol which led to the formation of the nitrile 101 instead of the 
hydrolysis of the imine intermediate 102 occurred (Scheme 3-3, p . 84) . The 
formation of the aldehyde 100 was an unusual deviation from the expected 
reduction pathway . It is possible that the nitro function was over-reduced 
to the corresponding amino intermediate 103 . Under the prevailing acidic 
condition , a rapid hydrolysis of 103 could take place to afford the 
aldehyde 100 (Scheme 3-4 , p . 84) . Indeed, the reduction of nitroarenes to 
aminoarenes by aqueous titanium trichloride is well documented .
105 
These 
observations provide some interesting aspects of the titanium trichloride 
reduction. More importantly , this exercise provided us with a reactive 
propionaldehyde enol ate cation synthon . 
Scheme 3-3 
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In principle, the nitrile moiety in 101 can be regarded as an 
8 4 
OMe 
OMe 
alkoxycarbonyl synthetic equivalent, although the aldehyde 100 could be 
prepared more directly from 1-nitropropene along a similar route. 
OMe 
8 5 
Subsequently, this approach was systematically investigated in our 
laboratorl'es. 56 I d twas emonstrated that alkylation of indanone 33 with 
l-nitropropene provided the diastereomeric nitro compound 104 which was 
readily converted (titanium trichloride100 or ozonolysis101 of the 
corresponding nitronate salt) to the corresponding diastereomeric aldehydes 
100 . They were found to be identical (TLC and proton NMR analyses) to 
those obtained via the alternative route described above. When the 
alkylation was performed with the siloxymethylindanone 105 followed by 
transformation of the nitro function (106 ) into a carbonyl (107), only two 
diastereomers were obtained. Although there was no definitive proof of the 
relative stereochemistry between the C*-5 and c*-6 centres, it was assumed 
that the alkylation occurred anti to the C*-6 siloxymethyl group and the 
two diastereomers obtained arose from the asymmetric centre on the C*-5 
aldehyde side-chain . Disappointingly, preliminary studies of this 
alkylation on a more advanced intermediate with l-nitropropene failed to 
provide any useful results . 
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3.1 . 2. Alkyl at i on via the TBDMS Enol Intermediates derived from t he 
C*-10 Carbonyl 
In recent years, Lhe uLilisation of silyl enol eLhers in place of metal 
enolates derived from enolisable carbonyl compounds has increased in 
. 106 107 popular 1ty . _ ' . This provides a new variant LO Lhe classical metal-
enolate utilised in the reacLions of carbon-carbon bond formation . Its 
versatility has been demons trated by its involvemenLs in various areas of 
th t · t · 108 syn e 1C opera lons . such as aldol reactions, alkylaLions, acylations 
and cycloaddiLions. It is possible LO manipulaLe such a versaLile 
intermediate in the inLroducLion of a Lhree-carbon fragmenL aL C*-5 as 
discussed in Lhe previous secLion . A1Lhough TMS enol eLhers are commonly 
used in such manipulations , Lhe TBDMS enol eLher was chosen insLead for LWO 
main reasons. Firs t, Lhe higher sLability of Lhe TBDMS enol derivaLive 
facilitaLes its handling and manipulaLion , and secondly, iL can be 
conveniently prepared in high yields by Lhe aCLion of TBDMS-
trifluoromeLhanesulfonaLe# according to Lhe procedure recently described by 
Mande r and Sethi . : 09 
110 h ' 1 lith In Lhe original work pioneered by SLork , .. t e Sl y eno e ers were 
f irst converLed LO Lhe corresponding lithium enolaLes by Lhe aCLion of 
methyl lithium and subsequenLly employed in various reactions . As a 
co nsequence , Lhis meLhod is , in general , incompaLible WiLh mOSL highly 
functionalised molecules. The use of quaLernary ammonium enolaLes 
gener ated by treatmenL of Lhe silyl enol ethers with ammonium fluoride 
# Bis-sil ylation occur r ed with Lhe more reactive TMS-trifluoromethane-
sulfonate . This lead LO epimerisation of the c*-6 meLhoxycarbonyl , our 
sole s te r eochemical conLrol element over the consLruction of Lhe A-
r i ng . 
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111 provides an alternative to the above method. The use of highly 
anhydrous fluoride ion source proved to be essential to the success of the 
reaction. This method has recently been extended to TBDMS enol ethers of 
° btOtt O ° lb 0 112 varYlng su s 1 u lons ln our a oratorles and reactions were 
accomplished in reasonable yields. The range of alkylating agents is 
rather limited,UU however. 
The Lewis acid-mediated alkylation of TMS enol ethers is well defined 
in the literature. 113 The presence of Lewis acid enhances the reactivity 
of electrophiles . In particular, the Lewis aCid-promoted 
phenylthioalkylation developed by Paterson and Fleming 114 was appealing for 
our purpose . The use of an alkyl 2-chloro-2-phenylthiopropionate 108 
(R=CH 3) as the alkylating agent, in combination with subsequent Raney 
nickel desulfurisation, provides an efficient route to a wide range of 
114d Y-keto esters . This appears to be an attractive variant in achieving 
the required alkylation at C*-5 in our synthetic sequence. In order to 
investigate the viability of such an approach to our system, we initially 
examined the use of the acetate 109 (R=H) as the alkylating agent . Hence, 
ethyl 2-chloro-2-phenylthioacetate 110 was prepared according to the 
108 110 
R = H 109 
UU Yields between 30-65% were obtained with allyl bromide , methyl iodide 
and benzyl bromide. 
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literature procedure . 115 The bicyclic ketone 64, as a model substrate, was 
converted to the corresponding TBDMS enol ether 111. When 111 was treated 
with 110 in the presence of titanium tetrachloride , 114bnnn only the parent 
ketone 64 and unchanged acetate 110 were obtained . The use of zinc 
bromide114a also did not provide any satisfactory results . A similar 
result was obtained on treatment of a different TBDMS enol ether substrate 
11 2 with 110 and titanium tetrachloride . In view of these unsatisfactory 
results , further investigation of the alkylation via this approach was 
subsequently aborted . 
Instead of introducing a functionalised three-carbon fragment (i . e . 
propionate) or two-carbon fragment (i.e . acetate) , an alternative would be 
the initial incorporation of a carbon fragment and then subsequent 
functionalisation to the appropriate oxidation level . This process could 
be achieved by means of an aldol condensation, as illustrated in Scheme 3-
5 , followed by the addition of a carboxyl synthon, for example , a nitrile 
Scheme 3-5 
.. 
NC 
nun The titanium tetrachloride was freshly distilled from copper turnings 
before use . 
89 
moiety . This route was briefly investigated using the silyl enol ether 
variant of the aldol condensation as reported by Noyori et al . . 116 The TMS 
enol ether 11 3 was generated by the action of TMS-trifluoromethanesulfonate 
(1 . 1 equivalent) and triethylamine on the parent ketone 33,117 and without 
isolation, was treated with acetaldehyde diethyl acetal in the presence of 
the excess of TMS-trifluoromethanesulfonate. The indanone ether 114 was 
subsequently isolated in 59% Yield .# U d "1 dl " d" d" t" # # n er ml y aCl lC con 1 10ns 
(10% oxalic aCid/THF, reflux), elimination of ethanol from 114 occurred to 
afford the a,S-unsaturated ketone 115 in quantitative yield. Preliminary 
studies of the l,4-hydrocyanation using diethylaluminum chloride/trimethyl-
silyl cyanide### led to a complex mixture. Investigation along this line 
was not pursued further due to the success of an alternative approach (vide 
infra). 
O~o OMe TMS0 n-----rAToMe 
~ -. IN 
33 113 
OMe OMe 
EtO • 
OMe 
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NC 
# The low yield of 114 was probably due to the fact that the reaction was 
carried out in one-pot. Better yield would be obtained if the TMS enol 
ether 11 3 was isolated before being subjected to the aldol reaction. 
## Basic conditions were avoided because it is very likely that the 
exocyclic double bond would isomerise into the five-membered ring . 
### This system was found to be more efftfiient than the previ?Vgly 
described systems, i.e. Et3A1/TMSCN and Et2A1CN/TMSC1 . 
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Apart from being a masked potential enolate anion equivalent , the silyl 
enol mOiet y also possesses an electron-rich double bond which readily 
undergoes various classes of cycloaddition reactions . 120 In particular , a 
[ lt2]-cycloaddition (cycIOpropana tion)121 with a carboalkoxy carbene 
122 leading to the formation of a siloxycyclopropane carboxylate adduct. 
The presence of two vicinal functional groups with complementary 
reactivities (electron donating and electron withdrawing), would enhance 
122 the ease of fission of the cyclopropane ring to afford a Y-keto ester . . 
The source of a reactive carboalkoxy carbene intermediate can be readily 
obtained from the in situ decomposition of an a-diazoester either thermally 
or in the presence of a transition metal catalyst. 123 For the latter means 
of generation of the carbene species , rhodium (II) carboxylate was found to 
be superior to the traditional copper salt . 124 To this end , ethyl 
diazoacetate was prepared according to known procedure 125 and the TBDMS 
enol ether 11 2 was chosen for the model s tudy . Hence , 112 was treated , in 
the presence of dimeric rhodium diacetate catalyst , with dropwise addition 
of ethyl diazoacetate in dichloromethane . The mixture of compounds 
obtained was readily separated by flash chromatography . Approximately 50% 
of the TBDMS enol ether 11 2 was recovered unchanged . In addition, 
appreciable quantities of diethyl maleate and diethyl fumarate derived from 
the competing dimerisation process of the carbenoid intermediate were 
bt ' d 126 o alne . When the reaction was conducted in hexane , only dimerisation 
of the carbenoid intermediate was observed . 
TBDMSO OMe 
112 
91 
Although the cyclopropanation adduct appeared homogeneously as one spot 
on TLC , it was identified as a 1 :1 . 2 mixture of two diastereomers in 44% 
isolated yield as determined from the relative intensities of the methyl 
signals in the proton NMR spectrum of the mixture. Conformational analysis 
of the adducts , based on examination of Dreiding models, reveals that the 
~ If ~ dihedral angle between H -1 and H -2 is 90° when the cyclopropane ring is 
anti to the C~-1 methoxycarbonyl; in the case of a syn arrangement, a 
dihedral angle of 30° is observed . On close examination of the proton NMR 
spectrum of the mixture , the signals due to each isomer could be 
distinguished according to their relative intensities , although the two 
diastereomers could not be separated chromatographically. A clean pair of 
~ 
mutually coupled doublets corresponding to H -2 and the cyclopropyl methine 
proton was observed for each isomer. The absence of additional coupling on 
the H~-2 resonance strongly indicated that the cyclopropanation had 
. ~ 
occurred stereoselectively anti to the adjacent C -1 methoxycarbonyl . In 
the case of the minor isomer , a coupling constant of 3 . 9Hz was observed 
~ between H -2 and the cyclopropyl methine proton at 6 1 . 47 and 3. 18 
respectively. This was in close agreement with the coupling constant 
reported for trans vicinal protons of cyclopropane (~ =144°).127 trans H' s 
The minor isomer was hence confidently assigned as the exo isomer 116a . 
TBOM:~~: OMe 
C02Me 
116a 116b 
If The 5-methoxy-3-oxo-indane-1-carboxylate numbering system applied when 
denoted by (~). 
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The structural assignment of the other diastereomer as the endo isomer 
116b was straightforward . A coupling constant of 8.9Hz for the pair of 
diagnostic doublets (6 2 . 85 and 2. 45) clearly demonstrated that H*-2 was 
cis to the vicinal cyclopropyl proton (~Cis H'S=OO). The chemical shifts 
of the methylene and methyl proton signals (6 3.85 and 0.98 respectively) 
of the ethoxycarbonyl group provided additional evidence for the endo 
configuration . The relative upfield shifts of these signals compared with 
those of the exo i s omer (Table 3-1, p . 93) could be accounted for by the 
anisotropic shielding effect78c experienced by the ethyl group which was 
disposed directly on top of the phenyl ring in the endo isomer . One 
* intriguing feature was the significant downfield shift of the H -2 proton 
signal (6 2 . 45) of the endo isomer when compared with its exo counterpart 
(61 . 47) . II An alkoxycarbonyl group has been observed to deshield a vicinal 
cis proton to a greater extent relative to the trans proton in a 
cyclopropane ring. 127 However, the observed deshielding effect by the 
ethoxycarbonyl group on the vicinal H*-2 was entirely contrary to the above 
report. Nevertheless , the stereochemistry of this centre was of no concern 
to us at this stage . The gratifying feature of this reaction was the 
absolute stereochemical control by the adjacent C*-1 methoxycarbonyl group 
on the addition of the cyclopropane moiety . 111111 
II 
ItlllI 
It has been shown,127 in the cyclopropane systems, that CI, CO H, C02R 
and COAr substituents deshield the cis hydrogen more than the trans 
hydrogen. On the other hand, substituents such as OMe, OEt, OPh, Sr, 
Ph, OAc and TMS deshield the trans hydrogen more than the cis hydrogen . 
. t I 128 Soon after the completion of this investigation, Marlno ea . 
reported a similar cyclopropanation reaction. A similar directing 
effect by an adjacent substituent leading to anti addition was also 
observed. However, no 1H NMR data was available for comparison. 
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Table 3-1 Selected proton NMR data for the cyclopropanation adducts 
116a and 116b , coupling constants in parentheses. 
116a 11 6b 
H-2 1. 47 <3 . 9Hz) 2.45 (9 . 0Hz) 
Cyclopropyl methine 3. 18 (3 . 9Hz) 2.85 (9.0Hz) 
-C02C!:!.2 CH 3 4. 15 (7.0Hz) 3. 85 (7.1Hz) 
-C02CH2 C!:!.3 1. 28 (7 . 0Hz) 0.98 (7.1 Hz) 
Although this cyclopropanation reaction was achieved only in a moderate 
44% yield (88% based on material consumed), the unchanged starting material 
TBDMS enol ether 112 was recovered and recycled for further reaction , thus 
making this a viable process. The incorporation of this approach into the 
actual sequence should not present any problem . The more electron-rich 
silyl enol double bond should react chemoselectively in the presence of the 
C*-8,14 double bond in the actual substrate . 
The fragmentation of the cyclopropane moiety into the corresponding 
Y-keto ester was then investigated . The intri-nsic "push-pull" effect 
exerted by the siloxy and ethoxycarbonyl functions together with the highly 
strained nature of the cyclopropane ring was expected to facilitate the 
ring opening process . The extremely high affinity of the fluoride anion 
towards silicon atoms in cleavage of the silicon-oxygen bond made it a 
suitable choice in effecting the transformation . 129 However , both the 
commonly used fluoride anion source, tetra-~-butylammonium fluoride 130 and 
cesium fluoride , '31 gave unsatisfactory results. It was necessary to avoid 
the more drastic aqueous acid hYdr01YSiS81b in view of its future 
application to the actual synthetic sequence . In the search for mild and 
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ff ' . t d' t ' If th f L e lClen con 1 lons, e use 0 a weak ewis acid, i.e. zinc chloride , in 
effecting ring opening of the gem-siloxyalkoxycyclopropane to the formation 
of a zinc homoenolate reported by Nakamura and K~ajima132 appeared to be a 
suitable candidate for the task at hand. Hence, on treatment of a mixture 
f th d . t . 1 11 6 . th . b . d 1111 • 1 t . o e las ereomerlC cyc opropane Wl Zlnc roml e, reglose ec lve 
ring opening occurred to give a single product in high yield . Conceivably, 
the reaction proceeded via the zinc enolate intermediate 117, as 
exemplified by the reaction of the exo isomer 116a in Scheme 3-6, which was 
first trapped as the silyl ketene acetal 118, and was subsequently 
hydrolysed upon work up to give the Y-keto ester 119. Transformation of 
Scheme 3-6 
Br OEt 
~zn~) H OMe OMe ~\,. 
.. 
S'/ 
- I " 
: X I H" -
- +ZnBr C02Me C02Me 
117 
OMe OMe 
TBDMS EtO 
: 
-
C02Me C02Me 
118 119 
If Most recently, Ollivier and Salaun~33 reported the effective use of a 
catalytic amount of TMS-chloride in methanol in effecting a similar 
ring opening process. 
1111 The less hydroscopic property of the zinc bromide makes it an ideal 
alternative to the highly hydroscopic zinc chloride. 
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the C- 2 acetate r esidue into the required propionate fragment could be 
r ea dil y achieved by manipulation of the corresponding ethoxycarbonyl 
enolate bef or e , during or after the ring opening process (Scheme 3-7). 
Scheme 3-7 
OMe 
TBDMSO "" 116 
-
C02Me ZnBr2 
1 ZnBr, 
OMe 
+M 
+ ZnBr C02Me 
OMe OMe 
, ' 
Mell 
TBDMSO ' 
" EtO H' 
- -
- -
C02Me C0 2Me 
119 
OMe 
Mel Base 
ZnBr2 EtO Mel 
C02Me 
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Alternatively , the entire propionate fragment could be directly 
introduced by the use of an alkyl a-diazopropionate in the cyclopropanation 
process. Attempted prepar ation of the ethyl a-diazopropionate following 
125 Searle's procedure for the preparation of the diazoacetate analogue was 
unsuccessful. A pungent blue oil containing no trace of the desired ethyl 
a-diazopropionate, as evidenced from the absence of the reported C=N2 
stretch (2082cm -1) 134 in its infra red spectrum, was obtained instead . 
Further spectroscopic analyses ( 1 H and 13c NMR) identified it as the 
corresponding ethyl lactate, presumably derived from rapid hydrolysis of 
the produced ethyl a-diazopropionate in the strongly acidic medium. The 
above procedure was then repeated with slight modifications. Alanine ethyl 
ester hydrochloride and sodium nitrite were stirred in a mixture of 
dichloromethane and water at low temperature, in the absence of sulfuric 
acid,HHH and ethyl a-diazopropionate (rR 2083cm-1) was obtained as a yellow 
oil in a good yield. 
With the ethyl a-diazopropionate in hand, the cyclopropanation with the 
TBDMS enol ether 112 was subsequently examined. The decomposition of ethyl 
a-diazopropionate with dimeric rhodium diacetate however, was unsuccessful . 
No cyclopropanation adducts 120 were detected and the TBDMS enol ether 112 
was recovered unchanged . On the other hand, when the soluble copper (II) 
bis-(salicylaldehyde)-tert-butylimine catalyst 121135 was employed, two 
compounds , together wi th a small amount of the unchanged .lE, were obtained 
HUH It was anticipated that the amine hydrochloride would be acidic 
enough in effecting the diazotisation . 
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TBDM:;':~~OMe 
C02Me 
TBDMSOWOMe 
C02Me 112 
TBDMSO OMe TBDMSO 
" '1/ 
TBDMSO~OMe 
E 122 
MeO OTBDMS 
TBDMSO OMe TBDMSO OMe 
MeO TBDMSO 
E 
123 
and these were readily separated by MPLC . On comparison of the proton NMR 
spectra of the isolated products with that of the starting material 112, 
the disappearance of the H-1 resonance, together with the loss of the 
coupling on H-2 (now a singlet at 6 5.5) , suggested that substitution had 
occurr ed at C-l in both cases . The incorporation of an ethyl propionate 
residue was immediately ruled out by the lack of the appropriate proton 
signals. The simplicity of the resonances pOinted to the diastereomeric 
dimeric structures 122 and 123 of the parent silyl enol ether 112. In the 
enantiomeric dl-pair 123, the aromatic H-7 proton signal (6 6.7) was 
significantly shifted upfield by 0.7 ppm compared with that of the meso 
compound )22 (6 7.4). This can be explained by inspection of the 
9 8 
corresponding Dreiding models where free rotation of the C-1,1' bond leads 
to the energetically more favoured rotamers in which H-7 and H-7' are 
mutually shielded by the anisotropic shielding effect exerted by the phenyl 
. 78c 
rlngs. 
Copper (II) salts have long been known to be mild oxidising agents. 
They have been extensively used in the Glaser oxidative coupling of 
terminal acetylenes. 136 Normally, the reaction proceeds catalytically in 
the presence of molecular oxygen. The oxidation proceeds via a one-
electron transfer mechanism. It is believed136 that the initial oxidation 
step is preceded by the removal of an acidic hydrogen from the substrate. 
The resulting anion is electrostatically attracted to the cupric ion, 
thereby facilitating the electron transfer process. Subsequent 
dimerisation of the radical intermediate prevents it from undergoing 
further oxidation. The observed oxidative coupling reaction could result 
from the presence of oxygen which was not rigorously excluded from the 
reaction mixture while the highly acidic nature of the C-l hydrogen 
certainly facilitated the oxidation process. This issue was subsequently 
clarified by separate experiments. A mixture of the silyl enol ether 112 
and a catalytic amount of the copper (II) bis-(salicylaldehyde)tert-
butylimine complex 121 in cyclohexane was thoroughly deoxygenated prior to 
reflux under an atmosphere of nitrogen. No formation of the dimers was 
observed (TLC analysis). However, when the reaction mixture was exposed to 
air, the formation of the diastereomeric dimers was immediately detected. 
Although cyclopropanation with ethyl a-diazopropionate did not produce 
any satisfactory results, the success with the diazoacetate provided a 
workable route toward the incorporation of the C*-5 side-chain. 
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3.2. Introduction of the A- Ring Element via an Allylation of the 
C*-10 Carbonyl 
Having achieved the stereochemically controlled alkylation, on the 
model study level, the success of the "alkylation-aldol" approach now 
hinges on a stereoselective introduction of an allyl substituent at the 
prochiral C*-10 carbonyl. The operation of the "internal-effect" which 
renders the carbonyl in cyclopentanones less susceptible to electrophilic 
addition is well known. 137 Reusch et al. 138 reported that many common 
organometallic reagents failed to effect 1,2-addition onto the carbonyl of 
the cyclopentanone 124, with the exception of allylic Grignard reagents. 
However, in our case, the high reactivity of the Grignard reagents may lead 
to non-selective additions to the alkoxycarbonyl functions. A similar 
42 problem was encountered by Mander et al . in their syntheses of 
gibberellins in which their cyclopentenone intermediate 23 (vide supra 
Scheme 0-8, p.25) failed to react with a vast range of organometallic 
reagents. This problem was finally overcome by the use of organoaluminum 
complexes. The success of the addition was partially due to the Lewis acid 
character of the aluminum reagent which enhanced the electrophilicity of 
the carbonyl function while addition proceeded via an SE2' process onto the 
139 
more exposed a-face of the molecule . 
o o 
124 
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On the basis of the above argument , the triallylalane- ether complex 
s eemed to be a suitable choice for the allylation . Hence , triallylalane 
140 was prepared according to the literature procedure and allowed to react 
with the ketone 119 to give an inseparable 1:3 mixture of the two 
corresponding diastereomeric carbinols, 125 and 126 respectively, in near 
quantitative yield . The stereoselectivity of this allylation was unclear 
until the mixture was stirred in methanol with triethylamine to induce 
lactonisation . The carbinol 126 was found to be the major isomer and 
lactonised spontaneously to afford the lactone 127 (IR 1766cm-1).141 On 
the other hand, the other diastereomeric carbinol 125, due to geometrical 
constraint , could not lactonise and remained unchanged . 
OMe 
119 
EtO 
H . = C02Me 
J ) 
OMe OMe 
+ 
EtO 
126 EtO 
H H . -
125 C02Me 
) j 
-
- OMe -. 
o 127 
H 
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At this stage, we had established all the required substituents with 
the desired relative stereochemistry at the three contiguous asymmetric 
centres, C*-6, C*-5 and C*-10. Transformation of the allyl side-chain into 
a propanal moiety followed by intramolecular aldol ring closure as 
discussed previously should furnish the A-ring carbon skeleton . 
Nevertheless, this model study sequence is yet to be incorporated into the 
actual substrate. At the same time, the "Michael-aldol" approach appeared 
to be a more efficient route towards the construction of the A-ring . 
Investigation along that direction is presented in the following chapter . 
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CHAPTER 4 
Preparation of an Advanced Synthetically Flexible Intermediat e 
and the "Michael-Aldol" Approach 
4.1. Preparation of the Advanced Intermediate 128 
4.2. Stereoselective Allylation of the C*-10 Carbonyl in 128 
4.3. Attempts to introduce the C*-5 , 6 Double Bond - Michael Receptor 
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CHAPTER 4 Preparation of an Advanced Syntheticall y Flexible Intermediate 
and the "Michael - Aldol" Approach 
An alternative to the "alkylation-aldol" approach for the construction 
of the A-ring, as described in the preceding chapter , is the "Michael-
aldol" approach (Scheme 4-1). The basic strategy involves attachment of 
the A-ring element (e.g . a propionaldehyde synthon) by means of a 
stereoselecti ve allylation of the prochiral C*-10 carbonyl, prior to the 
installation of the C*-5 , 6 double bond (i.e . the Michael receptor) . The 
rationale behind this reaction sequence is that the C*-6 methoxycarbonyl is 
required to control the development of the correct stereochemistry at the 
prochiral C*-10 . Having secured the stereochemistry at C*-10 , the 
incorporation of the C*-5,6 doubl e bond can then be effected. With the 
Scheme 4-1 
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Michael receptor in place, assembly of the Y-lactone bridge may be achieved 
by first converting the C*-10a hydroxyl into its propionate ester. The 
derived enolate anion is subsequently cyclised onto C*-5 via an 
intramolecular Michael-additi on process. In this way, the nucleophilic 
residue is confined to approach from the a-face, thereby establishing the 
correct stereochemistry at C*-5. The A-ring may then be assembled by 
transformation of the C* -10 allyl side-chain into a propanal mOiety. The 
final linkage at C*-3 and C*-4 can be achieved by means of an 
intramolecular aldol cyclisation. However , the incorporation of the 
Michael receptor proved unexpectedly troublesome and the problems 
encountered will be discussed in section 4. 3. of this chapter. Before the 
onset of this work ("Michael-aldol" route), the preparation of the flexible 
tricyclic intermediate 89 was re-examined and as a result, a more versatile 
intermediate 128 was prepared (vide infra section 4. 1. ) . 
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4.1 . Pr eparation of the Advanced I ntermediate 128 
o 
OMOM 
As discussed in Chapter 2 , the tricyclic ketone 89 can serve as a 
common intermediate for both the "alkylation-aldol" and "Michael-aldol" 
approaches to the construction of the A- ring . However, certain features of 
the preparation of this intermediate demand revision for it to be 
synthetically versatile in the planned reaction sequence. First, 
epimerisation of the C* - 16 hydroxyl via a facile retro-aldol/aldol 
equilibration process during the acetalisation of the C* - 12 carbonyl 
proscribed the opportunity of working with a single isomer.# All the 
81 84 
conventional acetalisation procedures . ' (see Table 2- 2) which were 
attempted failed to achieve the acetalisation without intervention of the 
equilibration process . This limitation can conceivably be overcome by 
conducting the acetalisation at temperatures sufficiently low to "freeze" 
the retro- aldol/aldol process . The formation of the 1 , 3-dioxolane acetal , 
142 
employing Noyori's procedure (TMSOCH 2CH20TMS, TMSOTf), . proceeded 
impractically slow~at low temperatures «OOC), however . When the reaction 
temperature was raised in order to achieve a reasonable rate of acetal 
formation , the retro-aldol/aldol process occurred concomitantly . It is 
possible that t he facile formation of a 5 , 5- dimethyl-1,3 - dioxane acetal , 
ascribed to the gem- dialkyl effect , ~43 can be conducted at temperatures 
# The aldol ring clos ure provides a 7 : 1 diastereomeric mixture of the 
hydroxy ke t ones 76 with t he endo isomer 76a being the major product . 
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which are sufficiently low to eliminate the undesired retro-aldol/aldol 
process and still maintain a reasonable rate of acetalisation . Indeed, 
1111 . t r eatment of a 7:1 endo/exo mlxture of the hydroxy ketones 76 with 
1 , 3-bis(trimethYISiIOXY)-2,2-dimethYlprOpane," in the pr esence of TMS-
trifluoromethanesulfonate catalyst (-20°C 4 -5°C, 30 minutes), afforded a 
mixture of the endo and exo hydroxy acetals, 129 and 130 respectively , with 
the same diastereomeric ratio . The suppression of the retro-aldol/aldol 
process under t he above reaction condition was further demonstrated by the 
conversion of the endo hydroxy ketone 76a to the corresponding endo hydroxy 
acetal 129 as a single product in high yield . It is worth noting that when 
the reaction was left at ooe for a brief period, the revival of the retro-
aldol/aldol process was evidenced by the isolation of a 1 :2 . 5 endo/exo 
hydroxy acetal mixture. 
HO 
DCAO~O 
DCAO HOOJ-
HO 
DCAo'cE$r0 
DCAO 
OH 
1111 The isomer with the hydroxyl pointing towards the carbonyl (or acetal) 
function is called endo isomer , while the isomer with the hydroxyl 
pointing away from the carbonyl (or acetal) function is called the exo 
isomer , see footnote II at p.59 . 
/I It was prepare~4~y an analogous procedure to that reported by 
Langer et al .. 
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The endo 129 and exo 130 hydroxy acetals displayed a marked difference 
in their polarities on TLC assay (R f 0.57 and 0 . 29 respectively , 50% ethyl 
acetate in hexane) . The lower polarity of the ~ isomer can be accounted 
for by the existence of an intr amolecular hydrogen-bonding between the syn 
hydroxyl and acetal oxygen atom . The existence of this intramolecular 
hydrogen-bonding was substantiated by the absence of a free hydroxyl 
absorption in the infra red spectra , even at high dilutions . 141b ,145 The 
proton NMR spectra of both endo and exo isomers were , in general, similar 
to their corresponding 1, 3-dioxolane acetal analogues (78 and 79 
respectively), and differed only in the downfield shift of the bridgehead 
H*-13. It was observed that H*-13 resonated at 0 3 . 04 (endo) and 3. 34 
(exo) in the dioxane acetals 129 and 130 respectively, whereas those of the 
dioxolane analogues were observed at 0 2.75 (endo) and 2. 92 (exo) 
respectively . A plausible explanation was inferred on inspection of the 
corresponding Dreiding models, which showed that H*-13 in both 129 and 130 
experienced a larger deshielding effect from the proximate acetal oxygen 
77c atoms. 
Having masked the C*-12 carbonyl , the next step involved protection of 
the C*-16 hydroxyl . Although a methoxymethy ether was employed in the 
earlier tricyclic intermediate 89, its similar chemical nature to that of 
an acetal would not allow selective liberation of either of the two oxygen 
functions at some later stage in the synthesis of the target molecule . In 
81 the search for a more appropriate hydroxyl protecting group , the TBDMS 
mOiety appeared to be an ideal candidate as it can be readily introduced by 
the action of TBDMS trifluoromethanesulfonate under extremely mild 
d 't' 146 con 1 lons . Thus, TBDMS ethers 131 and 132 were prepared smoothly from 
129 and 130 respectively in quantitative yields . 
10 8 
TBDMSO 0 1_ DCAo'cE!if~ 
OTBD MS 
More importantly , the unique fluoride ion-cleavage of a silicon-oxygen 
bond provides an eff icient way of depr otecting the TBDMS residue without 
interfering with other functionalities , 130 in particular , the 1, 3- dioxane 
acetal . Conversel y, the TBDMS group is stable# towards dimethyl boron 
bromide , a weak Lewis acid employed in the unmasking of the acetal 
protected carbonyl f unction . 148 Hence , selective deprotection of the two 
oxygen functions when required should not be problematical as was verified 
by the action of dimethylboron bromide or tetrabutylammonium fluoride on 
132 to give the ketone 133 and the alcohol 130 respectively in high yields . 
DCAO 
C02Me MeBY 132 
DCAOWO 
- OTBDMS 
C02Me 
133 
oJ-
OTBDMS 
~U4 NF 
DCAO 
OH 
# It has been repor t ed147 that tert-butyldiphenylsilyl ethers are stable 
towar d dimethyl boron bromide . 
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With both C* -1 2 and C*-16 oxygen functions suitably protected , the 
silyl acetal 131 was converted to the tricyclic ketone 128 as outlined in 
Scheme 4-2 . The dichloroacetoxy residue was hydrolysed under mildly basic 
conditions (Et3N, MeOH , H20) to regenerate the C*-10 hydroxy compound 134 
and subsequent oxidation (PDC, molecular sieves)149 afforded the advanced 
tricyclic intermediate 128 in good overall yield (86%) . 
Scheme 4-2 
DCAO "'t-_T_BD<MSO 0 o-::J_1 __ --l __ HolilfJ-
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4.2. Stereoselective Allylation of the C*-10 Carbonyl in 128 
With the tricyclic ketone 128 in hand , stereoselective allylation of 
the prochiral C*-10 carbonyl was investigated. The pseudo-symmetrical C-D 
ring system was not expected to provide any significant influence on the 
stereochemistry of the allylation . It would appear that the C*-6 
u-methoxycarbonyl is the sole stereochemical control element for the 
requ ired allylation . The chemoselectivity displayed by the triallylalane-
etherate complex , as described in the preceding chapter , made it a logical 
choice for effecting the C*-10 allylation in the presence of another 
carbonyl function, i . e . the C*-6 methoxycarbonyl . Examination of the 
Dreiding model of 128 showed that the cyclopentanone ring adopted an 
envelope conformation , 150 with the puckered C* - 5 pointing upwards and the 
C*-6 methoxycarbonyl axially disposed (Figure 4- 1) , presumably to reduce 
interaction with the C*-14 olefinic hydrogen . Consequently, the allyl 
group should be delivered to C*-10 from the less shielded top face , i . e . 
anti to the methoxycarbonyl group at C*-6 , via an SE2 ' mode of addition. 139 
Accordingly, ketone 128 was treated with triallyl alane ( -1 00°C ~ -750C ) 
which furnished, upon work up , a single addition product 135 in 
quantitative yield. 
TBDMSO od--
O~o H 
C02Me 
Figure 4-1 
ill 
TBDMSO ad-
In a series of progressive dilution experiments, the absence of a free 
hydroxyl absorption in the infra red spectra, even at concentrations as low 
-4 
as 7x10 M, indicates that the C*-10 hydroxyl was intramolecularly 
141b hydrogen-bonded. Furthermore, the significant low-frequency shift of 
-1 
the c*-6 methoxycarbonyl absorption (1713cm , Table 4-1, p.113) shows that 
the intramolecular hydrogen-bonding exists between the C*-10 hydroxyl and 
the C*-6 methoxycarbonyl group. This intramolecular hydrogen-bonding can 
only exist if the two groups are in a syn stereorelationship and indicating 
that the allyl fragment was indeed added anti to the c*-6 methoxycarbonyl 
group as predicted. 
Further verification of the stereochemical assignment was provided by 
analyses of the 1H and 13C NMR spectroscopic data. On comparison of the 
proton NMR spectrum of the addition product 135 with that of the preceding 
intermediate , 134 , a significant downfield shift of H*-ll ,nn in 135 was 
apparent (Table 4-2 , p.113). This downfield shift can be ascribed to the 
deshielding effect77c of the proximate C*-10u hydroxyl (Figure 4-2, p.112) 
arising from addition of the allyl group from the top face of the molecule . 
nn H*-ll ' and H*-15 ' refer to the hydrogens syn to the C*-8 , 14 double 
bond and mutually coupled with a long-range "W"-coupling . 
Consequentl y, H*-ll and H*-15 r ef er to the hydrogens anti to the C*-
8 , 14 double bond . 
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On the other hand, the relative upfi eld shift of H*-15 in 135 clearly 
demonstrates that the deshielding effect experienced by H*-15 in 134 no 
longer exists in 135 as the C*-10 hydroxyl is now alpha disposed. 
Additional evidence was provided by the downfield shift of the carbonyl 
carbon of the c*-6 ester function of 135 in the 13c NMR spectrum when 
compared with those of the preceding intermediates (Table ~-1), indicating 
the involvement of the carbonyl oxygen in the proposed intramolecular 
hydrogen bonding. 151 Hence the stereochemistry at C*-10 can be 
unequivocally assigned as proposed earlier . 
--lo OTBDMS 
H11 ' 
o -...,-:::.=---~--=-~ 
H/ 
Figure 4-2 
Table 4- 1 
129 
134 
128 
135 
113 
Selected Spectroscopic data of 129 , 131, 134 , 128 and 135. 
-1 IR (cm ) 
methoxycar bonyl C=O 
1740 
1741 
1731 
1741 
1713 
13C NMR (0) 
methoxycarbonyl carbon 
171 .92 
171 . 69 
172.71 
171.90 
175.52 
HO ° L DCAO~o--J TBDMSO ° L DCAO~o--J HO~J---
C02Me 
131 o~J--
C02Me 
134 ~J--
Table 4-2 Comparison of Selected Proton NMR Data (0) of 135 and 134 
H-11 H-11' H-15 H-15' 
135 1. 85 2.05 1.65 1. 35 
1. 95 1.50 2.00 1. 20 
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Attempts to Introduce the C*-S,6 Doubl e Bond 
- The Michael Receptor 
In the previous section, the incorporation of the initial A-ring 
element by means of a stereoselective allylation at the prochiral C*-10 was 
described . The next stage of the sequence required the assembly of the 
A-ring Y-lactone moiety. This would involve two basic steps : first, 
conversion of the C*-10 hydroxyl into a propionate unit and second, the 
introduction of a double bond across C*-5 and C*-6, i.e. the Michael 
receptor . Formation of the Y-lactone bridge can then be achieved by an 
intramolecular Michael-addition of the propionate fragment to the 
n,S-unsaturated ester mOiety at C*-5 . 
Installation of the lactone precursor at C*-10 was readily achieved by 
acylation of the alcohol 135 with propionyl chloride to afford the 
propionate 136 in high yield . The initial synthetic strategy for the 
construction of the C*-5,6 double bond involved an allylic bromination of 
152 the carbocyclic double bond , followed by dehydrobromination of the 
resulting allylic bromide . However , it was anticipated that exclusive 
allylic bromination of the carbocyclic double bond of 136, in the presence 
of the C*-10 allyl side-chain , would be difficult to achieve. In order to 
overcome this limitation , the oxidation of the acyclic allyl double bond 
pr ior to the construction of the Michael receptor , i . e. the C*-5 , 6 double 
bond, was investigated . 
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Transformation of the allyl side-chain into a propanal unit entails an 
anti-Markovnikov hydration of the double bond to an alcohol . Subsequent 
oxidation of the alcohol would furnish the desired carbonyl compound . 
There are various ways to effect this regioselective hydration . One of the 
more commonly employed methods is the classical hydroboration/oxidation 
153 process. An alternative is the transition metal-catalysed 
hydrosilylation/oxidation sequence. 154 However, the latter procedure was 
not considered suitable for our purposes in view of the drastic reaction 
conditions involved (Wilkinson's catalyst at elevated temperatures) . It is 
worth mentioning that such a transformation could also be performed by a 
two-step sequence, i.e. ozonolysis, followed by carbonyl homologation using 
methoxymethylene triPhenY1PhOsPhorane'55 or trimethylsulfonium iOdide. 156 
This option, however, was not examined . 
The hydroboration of the allyl side-chain was therefore investigated. 
In order to ensure exclusive hydroboration of the allyl double bond, the 
C*-8,14 double bond was first isomerised into conjugation with the c*- 6 
methoxycarbonyl to afford the a,B-unsaturated ester 137. It was 
anticipated that, although such a conjugation would deactivate this double 
bond from participating in the hydroboration reaction, it would still be 
capable of undergoing the allylic bromination at a later stage. 
Preliminary studies of the hydroboration of 137 using disiamylborane157 and 
9-bOrabiCYC10[3.3.1Jnonane158 both failed to produce any useful results . 
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Reaction occurred only when the more reactive borane-dimethylsulfide 
complex was employed . Immediate oxidation of the resulting borane complex , 
without isolation , using trimethylamine N- oxide , 159 furnished the desired 
alcohol 138 in 34% yield. A small amount of the diol 139 (10%) , formed 
from concurrent reduction of the propionate residue, was also isolated . 
The alcohol 138 was protected as a benzoate ( 140) at this stage and the 
allylic bromination of this substrate was examined. A mixture of products 
t d · th t . bl brom1· nat1· on Sl· tes , 160. C*-5 was expec e Slnce ere are wo POSS1 e 1.e . 
and C*-14 , in the molecule and each would give rise to two possible 
diastereomeric bromides. 
The olefin 140 was treated with N-bromosuccinimide in boiling carbon 
tetrachloride, catal ysed by AIBN , to afford what appeared to be one product 
on assay by TLC . Proton NMR analysis of the crude material , however , 
111111 
revealed that it consisted of at least four compounds , in the ratio of 
1111# The chemical shifts of the tert-butyl and the methoxycarbonyl groups 
were sufficiently different to assess the product distribution . 
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approximately 3:1:1 :1 . In addition, two resonances, presumably due to the 
H*-14 and H*-5 methine protons of the regioisomeric bromides 141 and 142 
were observed at 0 5 . 4 and 4. 7 respectively . 
When this mixture was subjected to dehydrobromination with DBU~6~ in 
DMF, however , a complex mixture was obtained . The absence of the desired 
diene 143 was apparent from the lack of absorptions in the 0 6 . 0 - 7 . 0 
region of the proton NMR spectrum of the crude reaction mixture . 
As the bromination/dehydrobromination route did not display any 
promising features , an alternative route to the dienic ester was desired . 
It was believed that the trisubstituted C*-8 , 14 double bond would be more 
reacti ve towards electrophilic reagents as compared to the monosubstituted 
al l yl double bond . Chemoselective functionalisation of the former was 
therefore investigated . Treatment of the diene 136 with one equivalent of 
N-bromoacetamide in aqueous acetone , 162 however, resulted in exclusive 
bromohydroxylation of the allyl double bond instead . Although the 
regiochemistry of the resulting bromohydrin 144 was not conclusively 
established , the reaction was assumed to follo w the Markovnikov type of 
addition. 
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The difficulties associated with the selective introduction of the 
bromohydrin at the carbocyclic double bond prompted the investigation of an 
alternative approach . In contrast to the above reaction, epoxidation of 
the diene 136 using meta-chloroperoxybenzoic acid (one equivalent) led to 
the formation of two products; the C*-8 ,1 4 monoepoxide 145 (51%) and the 
diepoxide 146 (20%) , with the balance of material being the unchanged diene 
136. Two features of this epoxidation are worth mentioning . First , the 
side-chain monoepoxide 147 which might be expected as a possible product, 
could not be detected in any appreciable amount. Secondly , exclusive a-
attack i . e . anti to the c*-6 methoxycarbonyl, was observed in the reaction 
although an allylic methoxycarbonyl group has been known to exert a syn 
ff th t h · t f . d . d t' 163 directing e ect on e s ereoc emlS ry 0 peracI epoxl a Ion . This 
anomaly could be ascribed to the steric effect overriding the electronic 
directing effect such that the peracid can only approach from the less 
hindered a-face of the double bond. The stereochemical assignment of the 
epoxide 145 was confirmed from the downfield shift of H*-16 (6 4.1 8) in the 
proton NMR spectrum, caused by the deshielding effect of the a-epoxide 
oxygen , when compared with that of the olefin precursor 136 (6 3. 79). 
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A change of solvent from chloroform to ethyl acetate in the above 
reaction did not provide any significant improvement on the monoepoxide 145 
to diepoxide 146 ratio. The use of peroxyacetic acid164 or transition 
metal/hYdrOperoxide~65 oxidants were both unproductive . The formation of 
the diepoxide 146, albeit in small quantity, affected the efficiency of the 
epoxidation step. In view of the difference in steric environments of the 
two epoxy mOieties, selective deoxygenation of the side-chain epoxide while 
preserving the carbocyclic one appeared to be possible. There are a number 
of convenient methods available in the literature for effecting such a 
transformation. 166 ,167,168,169 The use of potassium selenocyanate, 
reported by Johnstone,170 appeared to be particularly suitable for the task 
at hand, since the reagent is sensitive to the steric environment of the 
substrates. Treatment of diepoxide 146 with potassium selenocyanate in 
aqueous methanol, however , did not provide the expected monoepoxide 145. 
Two compounds, the allylic alcohol 148 (35%) and the diol 149 (42%), were 
isolated instead. The formation of the allylic alcohol 148 although 
unexpected, is advantageous to our synthetic sequence as the monoepoxide 
145 is required to be ring opened to 148 in the subsequent step (vide 
infra) • 
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Exposure of epoxide 145 to base (pot assium tert-butoxide)171 gave the 
allylic alcohol 148 in high yield. Strong hydrogen-bonding in 148, between 
the C*-14 hydroxyl and the c*-6 methoxycarbonyl was apparent from both 
proton NMR (OH , singlet at 0 5 . 43) and infra red (absorption at 1687cm-~) 
spectroscopic analyses. Attempts to derivatise the hydroxyl in 148 as a 
benzenesulfonate failed. This can be attributed to the steric bulk of the 
phenyl ring as well as the low reactivity of the hydrogen-bonded hydroxy 
substrate. However , the methanesulfonyl derivative 150 was prepared 
without difficulty in high yield. In principle , the corresponding dienic 
ester 151 can be obtained by means of a 1,4-elimination of methanesulfonic 
acid from 150. However, on treatment with DBU in DMF, the sulfonate 150 
was returned unchanged, even at elevated temperatures . Prolonged heating 
resulted only in slow decomposition of the substrate . The inertness of the 
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sulfonate 150 towards elimination might be ascribed to the destabilising 
effect of the Y-methoxycarbonyl group on the developing positive charge in 
the transition state as shown in 152. 
It would appear that the most profitable area of investigation in the 
immediate future would be to examine alternative ways of utilising the 
readily available allylic alcohol 148 in the incorporation of the Michael 
receptor, i.e. the synthesis of the dienic ester .12.!. A plausible route 
(Scheme 4-3) to 151 might involve the conversion of the allylic alcohol )~8 
into the sulfenate ester 153. followed by a [2 , 3]sigmatropic rearrangement 
effected in situ, to afford the allylic sulfoxide 15~. A facile syn 
elimination of the sulfoxide moiety would then afford the desired diene 
151. 172 Alternatively, the hydroxyl of 148 may be first converted into a 
potential leaving group ( 155 ) possessing no acidic hydrogen , for example, a 
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trifluoromethanesulfonate or a trifluoroacetate (Scheme 4-4). On treatment 
of 155 with base, e .g. potassium hydride,# the derived enolate anion of the 
propionate residue might abstract hydrogen from C*-5 and promote the 1,4 -
elimination to the diene 151. The construction of the final A-ring along 
previously disclosed lines 42 should not be problematical, if either of the 
above routes to the dienic ester 151 proves successful. 
Finally, the C*-12 carbonyl can be selectively unmasked using 
dimethyl boron bromide (vide supra section 4-1) and deoxygenated via a 
dithiolane intermediate (vide infra Chapter 5). The C*-16 oxygen function 
may then be oxidised to the carbonyl oxidation level (Scheme 4-5) . 
Introduction of the C*-16 hydroxyl group could subsequently be achieved by 
means of an a-oxidation173 of the lithium enolate of the ketone 156 from 
the less hindered endo face. Subsequent methYlenation174 of the C*-15 
carbonyl and removal of the remaining protecting groups should furnish the 
target molecule, antheridiogen AA 9. 
n -
# Potassium hYd~~de in DMF at -20°C is the reaction condition reported by 
Mander et al . for the intramolecular Michael-addition in their 
syntheses of gibberellins. It is possible that the use of an excess of 
potassium hydride in our case might effect the formation of the Michael 
receptor followed by intramolecular Michael-addition in one-pot. 
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CHAPTER 5 Deoxygenation of the C* - 12 and c*-16 Oxygen Functions 
As demonstrated in the previous chapters , the "alkylation-aldol " 
(Chapter 3) and the "Michael- aldol" (Chapter 4) approaches are both capable 
of stereoselectively introducing the A-ring rudiments, although their 
stereochemical outcomes are complementary. The presence of the two oxygen 
functions at C*-12 and c*-16 in the advanced tricyclic intermediate 128, 
however, allows the development of both approaches on this common 
intermediate, with the appropriate oxygen function being removed later in 
the synthesis. It has been discussed in Chapter 2 (Scheme 2-1) that the 
"alkylation-aldol" approach requires removal of the hydroxyl oxygen , 
whereas the carbonyl oxygen is to be removed in the "Michael-aldol" route. 
Simultaneously with the investigation of both the above approaches to the 
elaboration of the A-ring, efforts have also been directed toward 
deoxygenation of the hydroxyl and carbonyl groups . 
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5.1. Attempted Deoxygenat i on of t he Hydroxyl Function 
There are numerous reported procedures for the transformation of a 
secondary hydroxyl function to a methylene group . 175,176,177 Conventional 
methods involve metal hydride reduction of suitable hydroxy derivatives 
178,179 180 181 (such as sulfonates ' or sulfates ) by means of an anionic 
displacement process . Alternatively , this transformation can be achieved 
by nucleophilic replacement of the hydroxyl function by halogen, thiolate 
or selenide, followed by reductive dehalOgenation182 , 183 ,184 0r 
desulfurisation 185 ,186 (deselenisation) via a radical process . With a view 
to eliminating the appropriate oxygen function (initially the hydroxyl) , 
both the anionic and radical processes were examined . 
5.1.1. Reduct i on vi a an Ani onic Process 
In spite of the presence of the ester and acetate moieties at c*-6 and 
C*-10 respectively in the methanesulfonate 157 , a metal hydride 
displacement of the methanesulfonate was investigated . Treatment of 157 
with an excess of lithium triethylbOrOhydride:179 however, led to exclusive 
reduction of the C*-10 dichloroacetate, while the sulfonate function 
remained intact. On the other hand , when the hydroxy sulfonate 158 was 
d d " d t " b "1 " DME 187 treated with a mixture of sodium iodi e an Zlnc us ln 01 lng , 
r educti ve displacement of the methanesulfonate moiety occurred smoothly 
with concomitant migration of the C*-8 , 14 double bond into conjugation with 
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the C*-6 methoxycarbonyl to give the methylene compound 159 (Scheme 5-1) . 
Presumably, the reaction proceeded via the zinc carbanion intermediate 160 
which was rapidly converted to the corresponding enolate intermediate 161. 
Subsequent Y-protonation of 161 during workup furnished the a,8-unsaturated 
ester 159 as the sole product . Conceivably, if the reaction was conducted 
in the presence of a proton source to quench the resulting carbanion 
intermediate, the isomerisation of the double bond could then be avoided. 
Hence, the reaction was repeated with ammonium iodide whereby the ammonium 
cation served as an in situ proton source . Indeed , the desired reduction 
product 162 was obtained together with the isomeric 159 as a 1:1 mixture . 
162 
129 
Although the desired deoxygenation product 162 could be obtained , the 
unsatisfactory yield (50%) demanded modification of the substrate 157. In 
principle, this concomitant double bond migration could be avoided by 
replacing the C*-6 methoxycarbonyl by a hydroxymethyl group. Hence, 157 
188 
was reduced with DIBAL-H to afford the alcohol 163 in high yield (94%) . 
The inertness of the dichloroacetate group towards the DIBAL-H reduction 
was unexpected. Presumably, the inductive effect of the two 
electronegative chlorine atoms diminished the ability of the carbonyl 
oxygen to complex with the electrophilic aluminum, and consequently the 
dichloroacetate moiety was immune to reduction. The hydroxyl group in 163 
was subsequently protected as a TBDMS ether to give 164, in which the 
dichloroacetate function was readily hydrolysed (Et3N/MeOH/H 20) to afford 
the hydroxy methanesulfonate 165 in good overall yield (80%) . Reductive 
elimination of the sulfonate moiety was then achieved by treatment of 165 
with sodium iodide and zinc dust in boiling DME to furnish the alkane 166 
in good yield (80%) . 
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Deoxygenation of the hydroxyl function via a seleno-derivative was also 
explored. Displacement of the sulfonate moiety of 161 using phenyl 
selenide anion (PhSeSePh/NaBH4/EtOH)189 led also to concomitant hydrolysis 
of the dichloroacetoxyl group and isomerisation of the C*-8,14 double bond 
to give the selenide 168. Thus, the C*-6 methoxycarbonyl of 161 was first 
reduced (169) and protected as a TBDMS ether (110 ) accordingly, followed by 
phenyl selenide displacement of the sulfonate moiety in ethanol to afford 
two products which were assigned the structures 111 and 112# on the basis 
of their spectroscopi c data (lH NMR, 13C NMR and MS). The formation of 111 
in wh ich the double bond has isomerised is difficult to account for, but 
further investigation into this area was not pursued. 
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# Presumably, the sequence of events in the format ion of the ethyl ether 
112 is first displacment of the methanesulfonate by a selenide, wh ich 
~in turn displaced by an ethoxide anion generat ed in the reaction 
medium. 
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5.1.2. Reduction via a Rad i cal Process 
Radical reactions offer an alternative to the ionic reactions in the 
176 deoxygenation of alcohols . These radical processes are advantageous in 
t hat they can be conducted under neutral conditions and are normally more 
selective in their mode of action . The ability of tributyltin hydride to 
reduce halides to alkanes is well documented . 183 Thus, application of this 
methodology to deoxygenate the hydroxyl function via an iodo derivative was 
examined . 
The iodide 173 was prepared from the keto alcohol 72 as outlined in 
Scheme 5-2 . Treatment of the iodide 173 with tributyltin hydride## and a 
catalytic amount of AIBN in boiling benzene , afforded a single product in 
Scheme 5-2 
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77% yield . This compound , however , was not the desired ketone 174. The 
chemical ionisation mass spectrum , using ammonia as the reagent gas , showed 
+ + 
significant peaks at 279 (M +1) and 296 (M +18) , corresponding to the 
molecular formula C15H1805 ' clearly indicating that deiodination had 
occurred. This was further substantiated by the presence of four methylene 
## Reduction using chromous acetate184 led to the formation of a complex 
mixt ure . 
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carbon (6 51 . 9 , 34 . 0 , 33 . 9 and 31 . 4) and three methine carbon (6 78.7. 46 . 1 
) 13 and 45 . 3 resonances in the high field region of the e NMR spectrum 
whereas three methylene and four methine sp3 carbons were present in the 
iodide precursor. Furthermore, the upfield shift of the bridgehead methine 
carbon signal (6 46 . 1 or 45.3) of the deiodination product when compared to 
that of the keto alcohol 72 (6 58 . 1) ~ is greater than that attributable to 
the deoxygenation alone and suggested that the bridgehead carbon was no 
longer allylic to the olefinic double bond . Therefore, on the basis# of 
13 ## the elMS and e NMR, together with the proton NMR data (non-coupled 
complex multiplets at 6 5.6 and 2.7), the compound was assigned the 
structure of the isomeric ketone 175. The formation of 175 can be 
__ --e-~O 
ACOW 175 
~ The 13e NMR data of the immediate precursor , the iodide 173, was not 
available . 
# The infra red spectrum of 175 does not provide any conclusive 
information about the structure. 
## Examination of the corresponding Dreiding models reveals that the six-
membered rings in both 72 and 175 adopt a half chair conformation and 
consequently the olefinic protons display similar coupling patterns 
and chemical shifts. On the other hand, with the bicyclo[2 . 2.2]octene 
system in the iodide 173, the olefinic proton displays a clean doublet 
of doublets signal. 
Meo::~oAC Me02C OAc 
H H 
t OHC 0 t 
o 175 
t 
05.6 72 o 5.6 
multiplet multiplet doublet of doublets 
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rationalised mechanistically, as outlined in Scheme 5-3 . Conceivably , the 
transient radical 176 (produced in the deiodination) attacked the proximate 
carbonyl function to arrive at the cyclopropyloxy radical intermediate '77### 
which subsequently ring opened to the more stabilised allylic radical 
intermediate 178. The ketone 175 was then obtained by abstraction of a 
hydrogen from the tributyltin hydride . 
Scheme 5-3 
AC0l===80 
173 176 
177 178 
- -ACOWH 
- H 
C02Me 
175 
### The presence of a proximate carbonyl function appears to be essential 
for such rearrangement as demonstrated in the desulfurisation of the 
dithiolane 194 (vide infra section 5.2.) in which no sign of skeletal 
rearrangement was observed. Hence, it is believed that the skeletal 
rearrangement proceeds vi a the cyclopropyloxy radical intermediate 
177 instead of a direct--'--,2-o shift rearrangement. A similar 
cyclopropyl ring system has recently been prepared in our 
laboratories (vide supra section 0 . 2.1 . ) . 
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More recently , Dolan and MacMillan'90 reported a novel deoxygenation 
procedure for alcohols employing tributyltin hydride on the corresponding 
methyl oxalate derivatives. In principle , this procedure can be applied to 
our system . Hence, the oxalate 179 was prepared from the dichloroacetoxy 
alcohol 129 (methyl oxalyl chloride in pyridine)# in quantitative yield . 
Although it was anticipated that the dichloroacetoxyl moiety would be prone 
to r eduction , 179 was treated with an excess of tributyltin hydride in 
boiling toluene , to give initially (30 minutes) the acetoxy oxalate 180. 
Further reaction (overnight) led only to the formation of the acetoxy 
alcohol 181, with no appreciable amount of the deoxygenated product 182 
being detected . 
HO 0 I MeO, CCO, 0 I DCAo'ckif~ DCAo'W~ 
Me0 2CCOCI 
129 ~ pyr. · ~ 179 
-
-
C0 2Me 
MeO, CCO, od-
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0 
_B_u_3_S_n_H--J,,_ ~ BU3SnH 
180 ~ 
AC0'cEiJ-
182 
# This methO?95fforded the oxalate in higher yield than the published 
pr ocedure . 
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Deoxygenation of the hydroxyl group via its thionocarbonate191 and 
diethY1PhOsPhate192 derivatives were also briefly examined , but failed to 
provide any useful results. 
Thus, the deoxygenation of the hydroxyl group was only achieved by the 
sodium iodide/zinc procedure (vide supra section 5 . 1.1 . ) on the 
methanesulfonate derivative 165, although at the expense of efficiency. 
5.1.3. 
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Investigation of an I ntramol ecular Alkylation Process for the 
Construction of the C- Ring Bridge 
The construction of the C-ring bridge via an aldol type cyclisation 
provides flexibility for subsequent elaboration of the A-ring (vide supra) . 
However , removal of the hydroxyl group proved unexpectedly troublesome , as 
discussed in the previous sections . In principle, the formation of the 
C-ring br idge can also be achieved by means of an intramolecular alkylation 
process , as illustrated in Scheme 5-4 . In accordance with the synthetic 
plan, the aldehyde function could be converted to an appropriate leaving 
group, for example , a sulfonate ester . Liberation of the C*-16 carbonyl 
group and subsequent intramolecular alkylation via the derived carbonyl 
enolate would furnish the required C-ring bridge . Hence , investigation in 
this direction was conducted but the apparently straightforward 
transformation of the aldehyde function into a suitable leaving group 
proved to be difficult. 
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Treatment of the dichloroacetoxy aldehyde 15 with sodium borohydride, 
unfortunately, did not provide any of the desired alcohol 183, but instead 
afforded a mixture of two compounds which were identified as the hemiacetal 
18~ (30%) and the diol 185 (60%) on the basis of their spectroscopic data 
(lH and 13c NMR) . The reduction of the dichloroacetoxy moiety by sodium 
borohydride was unexpected (in contrast to DIBAL-H reduction, section 
5.1.1.). The formation of the hemiacetal 184 clearly demonstrates that the 
dichloroacetoxyl group is more susceptible to sodium borohydride reduction 
than the aldehyde moiety. Attempts to selectively convert the primary 
hydroxyl of the diol 185 into its benzenesulfonate ester were unsuccessful. 
Treatment of the diol 185 with benzenesulfonyl chloride resulted in the 
formation of the crystalline cyclic ether 186 in 93% yield. The formation 
of this cyclic ether can be easily rationalised since this type of 
condensation is commonly encountered in carbohydrate chemistry.193 
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On the other hand , the acetoxy aldehyde 70 was transformed into the 
corresponding E-toluenesulfonate 188 without incident . However, on acidic 
hydrolysis of the acetal function, displacement of the E-toluenesulfonyloxy 
residue by the transient hemiacetal 189 led to exclusive formation of the 
alcohol 190. In view of these setbacks , further investigation along this 
route was subsequently abandoned. 
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.. 
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190 
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Replacement of the dichloroacetoxy residue with a TBDMS-oxy moiety also did 
not provide any useful results, as only the cyclic ether 186 was obtained 
again i n quantitative yield (Scheme 5-5 ) . Attempts to regioselectively 
ring open the ether linkage to the halohydrin 187 using various 
reagents,194 for example, A1C1
3
/NaI,195 TMSBr,196 TMSOTf, ArCOC1/NaI,197 
all failed to provide any satisfactory results. 
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5.2. Removal of the Carbonyl Oxygen Function 
There are numerous procedures for the conversion of a carbonyl function 
to a methylene group . 198 The classical WOlff-Kishner 199 and Clemmensen200 
reduction of ketones to alkanes are all well documented processes . 
However, the drastic reaction conditions involved (strongly basic and 
acidic respectively) preclude their adoption for systems with sensitive 
functionalities . 201 The mild reaction conditions reported by Kabalka for 
the reduction of the E-toluenesulfonyl hydrazone function , derived from a 
carbonyl compound, to the methylene group using catecholborane appeared to 
be a suitable alternative and was therefore examined . 
Hence, the hydroxy ketone 76 was first converted to the acetoxy ketone 
191. On treatment of 191 with E-toluenesulfonyl hydrazine in the presence 
of acetic acid, conversion of the ketone to the hydrazone , as well as 
concomitant hydrolysis of the dichloroacetate function occurred, to afford 
the hydroxy E-toluenesulfonyl hydrazone 192 in high yield (97%) . When the 
hydrazone 192 was treated with a large excess of catecholborane , however, 
no reaction was observed (TLC ) and the starting hydrazone was recovered 
1 
unchanged ( H NMR) . 
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In principle , a dithiolane moiety can be transformed into a methylene 
group by means of a desulfurisation process . There are a number of 
convenient methods in effecting such a transformation . 185 , 186 One of 
these , involving the reaction of a dithiolane with tributyltin hYdride , 186 
appeared to be particularly suitable for the task at hand and was thus 
investigated . Subsequently , the acetoxy ketone 191 was converted to the 
dithiolane 193. Prior to the desulfurisation, the dichloroacetoxy 
r esi due was f i rs t removed from the dithiolane 193. ## The resulting hydroxy 
di t hiolane 194 was then treated with tributyltin hydride (5 equivalents) , 
catalysed by AIBN , in boiling benzene . The methylene compound 195 was 
obtained in 70% isolated yield with no sign of any skeletal rearrangement 
(c . f . section 5 . 1 . 2 . ) being observed . 
With the succes s in the removal of the carbonyl oxygen via the 
dithiolane intermediate 194, the "Michael - aldol" approach appears to be the 
desired route towards elaboration of the A-ring and ultimately the 
synthesis of the target molecule - antheridiogen AAn . 
AcO DCA0'c@0 
191 
HO 
Et3N 
.. 
MeOH / H2O 
; 
-
ACO S ) 
S 
194 
C02Me 
ACO S) 
r---< S 
DCAO 
.. 
193 
AcO H0'ce BU3Sn H 
.. 
: 
= C02Me 
195 
## The dichloroacetoxy moiety will undergo dechlorination under the above 
r eaction condit ion , see section 5 .1. 2 .. 
EXPERIMENTAL 
General Topics 
Notes on Nomenclatures 
Chapter 
Chapter 2 
Chapter 3 
Chapter 4 
Chapter 5 
142 
143 
General Topics 
i) Melting pOints were determined with a Reichert hot-stage 
apparatus. Melting pOints (m.p.) and boiling points (b.p . ) are 
uncorrected. 
ii) Infrared spectra (IR) were recorded on a Perkin-Elmer 683 Infrared 
Spectrophotometer in chloroform solution (0.25mm cells) unless 
otherwise stated. The following abbreviations are adopted: 
b(broad); s(sharp); sh (shoulder); w(weak). 
absorptions were attempted if appropriate. 
Assignment of 
-1 The 1800- 1600cm 
region of all IR spectra were cali brated 202 by the absorption of 
polystyrene film at 1601cm- 1. 
iii) Ultraviolet spectra (UV) were recorded on a Varian DMS 90 UV-
Visible Spectrophotometer in methanol solution, unless indicated 
otherwise . The wavelengths of absorption maxima (A ) wer e 
max 
reported in nanometres followed by the extinction coefficients 
(£) . All UV spect ra were calibrated by the absorpti on of holmium 
filter at 360 . 9nm. 
iv) 1H NMR spectra were recorded on s everal instruments operating at 
the following frequencies: (a) 100MHz (JEOL JNM-MH-100 
"Minimar"), (b) 200MHz (JEOL JNM FX- 200) , (c) 200MHz (Varian 
XL 200E), (d) 300MHz (Varian XL300). 1H NMR data in the 
Experimental refer to spectra recorded at 200MHz using instrument 
(b) unless otherwise stated. Samples were run in 
deuterochloroform (99.8% D) , unless indicated otherwise , us ing 
tetramethylsilane as an internal standard (0 O. OOppm) . Data are 
pr esented in the following order: chemical shift(ppm) relative to 
tetramethylsilane; multiplicity; intensity as the number of 
protons; coupling constant-J(Hz); assignment (if appropiate) . The 
1 44 
following abbreviations are adopted: s(singlet ) j d (doublet)j 
t(triplet)j q(quartet)j m(multiplet)j dd(doublet of doublets)j 
dt(doublet of triplets)j bt(broad triplet)j bm(broad multiplet)j 
e(envelope)j b(broad)j W1/2 (Width of peak at half height in HZ)j 
exch.(signal disappears upon addition of O2°), etc .. First order 
analyses of spectra were attempted when possible and, 
consequently, chemical shifts and coupling constants for 
multiplets may only be approximate. 77f Most homonuclear 
decoupling experiments78b were performed on instrument (b) . 
v ) Most 13c NMR spectra were recorded on instrument (b) operating at 
50.10MHz and 13c NMR data in the Experimental refer to spectra 
recorded on this instrument unless stated otherwise. Samples were 
run in deuterochloroform, unless otherwise indicated , using 
tetramethylsilane as an internal standard (6 O. OOppm) . Data are 
presented in the following order : chemical shift(ppm) relative to 
tetramethylsilanej assignments are based on the multiplicity and 
correlations of chemical shifts with closely related compounds . 151 
Multiplicities were determined either from their gated coupled 
203 
spectra or from their broad band decoupled refocussed "INEPT" 
spectra . The Insensitive Nuclei Enhanced by Polarisation Transfer 
(INEPT) pulse sequence uses a predelay time of 5 . 5ms to give 
methine and methyl carbon signals in phase (in ) , methylene carbon 
signals 180 0 out of phase (out) , and quarternary carbon signals 
suppressed (sup . ) . Where the distinction between methine and 
methyl carbon signals was not clear, a further "INEPT" spectrum 
was recorded using a predelay time of 3 . 9ms to give only methine 
carbon signals in phase while methyl, methylene and quarternary 
carbon signals suppressed. 
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vi) Low resolution electron impact mass spectra (MS) were recorded at 
70 e.v . on either (a) AEl MS-902 or (b) VG-Micromass 7070E double 
focussing mass spectrometers. Data are presented in the following 
order: m/z value; relative intensity as a percentage of the base 
peak . Chemical ionisation mass spectra (ClMS) were run with 
ammonia as the reagent gas, unless stated otherwise, and recorded 
on instrument (b). High resolution mass spectra (HRMS) were 
recorded on either instrument (a) or (b) using 
heptacosaflurotributylamine or perfluorokerosene as a reference . 
vii) 
viii) 
Microanalyses were conducted by the Australian National University 
Analytical Services Unit , Canberra . 
Flash chromatograhy83 was carried out using Merck Kieselgel 60 
(40-63~m) or Merck aluminium oxide 90 active neutral (63-200~m) as 
the adsorbent . MPLC was carried out using Lobar LiChroprep Si 60 
(40-63~m) prepacked columns , sizes A (for 5-100mg quantities) and 
B (for 100mg-lg quantities) . Preparative layer chromatography 
(PLC) was carried out on glass plates precoated with Merck 
Kieselgel 60 F254 (20x20cm; 0 . 5 or 1. 0mm thick) . Analytical TLC 
was perfor med on aluminium plates (65x25xO . 2mm) , precoated with 
Merck Kieselgel 60 F254 or Merck aluminium oxide 60 F254 neutral 
(type E) . 
ix) Organic extracts were dried over anhydrous sodium sulfate unless 
otherwise stated. After filtration, the bulk of the solvent was 
evaporated on a Buchi rotary evaporator (water aspirator 
pressure) . The last traces of solvent were removed under high 
vacuum. 
x) When anhydrous conditions were required , the glassware was flame-
dried under a positive pressure of dry nitrogen , or under high 
vacuum and then filled with dry nitrogen upon cooling down . 
1£!6 
xi) Solvents were purified and dried using standard procedures . 204 In 
particular, tetrahydrofuran (THF) and diethyl ether (ether) were 
freshly distilled from the ketyl formed by the reaction of sodium 
with benzophenone, before use. Petroleum spirit refers to the 
fraction boiling at 60-80°C . 
xii) Dry ammonia was prepared by treatment of ammonia (-100mL) with 
xiii ) 
ferric chloride (50mg) and sodium (1g). The mixture was allowed 
to stand at -33°C for 15 minutes before being distilled into the 
flame-dried reaction vessel. 
Ethereal diazomethane was prepared from N-methyl-Nitroso-E-
toluenesulfonamide (Diazald) according to standard procedures 205 
and then dried over potassium hydroxide pellets. 
xiv) Molecular sieves were activated by heating at 200°C under high 
vacuum (-0 . 1mm) for 2 hours . The sieves were allowed to cool to 
room temperature under vacuum and then placed under an anhydrous 
nitrogen atmosphere . 
xv) Ozone solution was prepared by bubbling ozone through 
dichloromethane at -78°C for 20-30 minutes to provide a deep blue 
solution . The solution was standardised by means of iodometric 
t Ot to 206 1 ra lon. Typically, 5mL of the ozone solution was shaken 
with 50mL of aqueous 1% sodium iodide solution. The liberated 
iodine was then titrated against an aqueous 0.1M sodium 
thiosulfate solution . The titration was repeated twice to ensure 
a consistent value for the concentration of the ozone solution. 
xvi) Reaction mixtures were magnetically stirred, unless otherwise 
stated. Reaction temperatures refer to external or bath 
temperatures, unless indicated otherwise. Temperatures of -78°C 
and O°C refer to dry ice/acetone and ice-water baths respectively . 
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xvi i) Allyl br omide was purified by passing through a column of basic 
alumina (activity I , 62-200~m) . The resulting colourless liquid 
was heated under ref lux over calcium hydride under a nitrogen 
atmosphere for 3 hours before being distilled and used 
immediately. 
148 
Notes on Nomenclature 
Whereas nomenclature based on the antheridiogen skeleton was adopted in 
the Introduction as well as in the Results and Discussion sections, 
207 208 Chemical Abstracts nomenclature ' has been used throughout the 
Experimental . The compounds described below have been named, where 
appropriate , as derivatives of the fOllowing t 
(i) lH-Indene (RF 7777) 
7 
HO 
4 
* * * For example , compound 67 is named as (l-R ,3-R , 3a-R )-Methyl 5 , 5-
ethylenedioxy-2 , 3,3a , 4,5,6-hexahydro-3-hydroxy-3a-(3-methyl-2-butenyl)-lH-
indene-l-carboxylate . 
t Chemical Abstract Ring System File numbers in parentheses, 
see Ref . 208 . 
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(ii) 3a , 6-Ethano-3aH-indene (RF 21472) 
4 
* * * * For example , compound 128 is named as (l-R , 3a-R , 6-R ,8-S )-Methyl 
8-[(tert-butyldimethYlsilyl)Oxy]-5,5-(2,2-dimethyl-1 , 3-propylenedioxy)-
l,2,3,4,5,6-hexahydro-3-oxo-3a,6-ethano-3aH-indene-1-carboxylate. 
(iii) Cycloprop[a]indene (RF 13035) 
OTBDMS 
OMe 
2 
H 
116 b 
* * * For exampl e , compound 11 6b is named as (l-R ,l aR , 6-R )-Ethyl 1a-
[(tert-butyldimethylsilyl)oxy]-l,la,6,6a-tetrahydro-3-methoxy-6-
methoxycarbonyl-cycloprop[a]indene-1-carboxylate. 
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(iv) 2H-I ndeno[1 , 2-b ]furan (RF 17314) 
) 
OMe 
2 
0 
3 
5 4 
H 
C02Me 127 
* * * For example , compound 127 is named as (3a - R ,4-R ,8b-S ) - Methyl 
3 , 3a ,4, 8b-tetrahydr o-7 -methoxy-2-oxo- 8b-(2-propenyl)-2H-indeno[1 , 2-b]furan-
4-carboxylate 
(v) 1H-3a,6-Methanoazulene (RF 17636) 
__ ~-f'0 
8 
AcO 
5 4 
175 
* * * * For example , compound 175 is named as (l-R , 3-R , 3a -R , 6-S )-Methyl 
3-acetoxy-2,3,4,5,6 , 7-hexahydro-5-oxo-1H- 3a , 6-methanoazulene-1 - carboxylate . 
151. 
(vi) Indeno[l , 7a-b]ruran (RF 17305) 
2 
1~ 0 3 0 0) 9 
30 
14 
0 
~ 
6 5 
-
-
C02Me 186 
* * * For example , compound 186 is named as (3a - R ,5-R , 9a-R )-Methyl 8 , 8-
ethylenedioxy-1 ,2,3a,4,5,7,8,9-octahydro- indeno[1 , 7a-b]ruran-5-carboxylate . 
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CHAPTER 1 
~CO_2H ___ .. 
Meo~ 
~COCI ---- 0 ----MeO O~OMe v9 33 
6-Methoxy-1-indanone 33 
6-M:thoxy-1-indanone 33 was prepared following a previously described 
procedure: The commercially available £-methoxycinnamic acid (50g , 0.28mol) 
was hydrogenated over 5% palladium on charcoal (lg) in THF (350mL) for 24 
hours to afford 3-(4-methoxyphenyl)propionic acid as colourless crystals 
(50 . 5g , 100%) . m. p. 105-105.5°C (Lit . 209 103 . 5-104°C) . 
3-(4-Methoxyphenyl)propionic acid (50 . 5g , 0 . 28mol) was treated with 
thionyl chloride (50mL) in dichloromethane (10mL ) for 23 hours. After 
removal of the solvent and excess thionyl chloride under vacuum, 3- (4-
methoxyphenyl)propionyl chloride was obtained as an orange liquid (55 . 3g , 
99%) . 
The crude 3-(4-methoxyphenyl)propionyl chloride (55 . 3g , 0 . 28mol) was 
used without further purification. It was divided into 4 portions and a 
portion was diluted in mechanically stirred dichloromethane (1 . 5L) at O°C , 
followed by slow addition of an equimolar quantity of aluminum chloride 
over 30 minutes , then stirred for a further 30 minutes before addition of 
the next batch of the acid chloride and aluminum chloride. Upon complete 
addition, the resulting solution was stirred at room temperature for 1 hour 
and then poured into ice water . The organic portion was separated and 
washed sequentially with aqueous 1M sodium hydroxide solution , water and 
brine . Evaporation of the solvent afforded 6-methoxy-1-indanone 33 as a 
~ale yellow solid (38.3g , 85%). Recrystallisation from petroleum spirit 
provided 33 colour less crystals , m. p. 108-110°C (Lit . 54 109-110°C). 
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O~OMe 
v0 33 
2,3-Dihydro-5-methoxY-3-oxo-1H-indene-l-carboxylic acid 34 
To a stirred solution of diisopropylamine (6.9g, 9.6mL, 68mmol) and 
l,10-phenanthroline (trace) in dry THF (100mL), cooled to -78°C, was added 
n-butyllithium (46mL of a 1 .47M solution in hexane, 68mmol). After 
stirring for 25 minutes, the indanone 33 (5g, 31mmol) was added in portions 
over 10 minutes to the resulting lithium diisopropylamide solution. A 
beige coloured suspension was observed after stirring at -78°C for 1.5 
hours. The suspension was then stirred at room temperature for 4 hours. 
The resulting clear burgundy red solution was cooled to O°C and dry carbon 
dioxide gas was bubbled through the vigorously stirred solution for 15 
minutes. The resulting yellow solution was stirred at room temperature for 
a further 30 minutes and then acidified with aqueous 10% hydrochloric acid 
to pH 1. After standing overnight, the reaction mixture was extracted with 
ethyl acetate and the extract was then partitioned into neutral and acidic 
fractions (saturated aqueous sodium hydrogen carbonate solution, aqueous 
10% hydrochloric acid, ethyl acetate). The acidic fraction was washed 
sequentially with water and brine, then dried and evaporated to yield a 
pale yellow crystalline solid (5 .33g, 84%) . A sample was recrystallised 
from ethyl acetate/petroleum spirit to give the acid 34 as colourless 
needle-shaped crystals . 
m.p. 
Rf 
IR 
1 H NMR 
149-151°C 
0.30 (l%MeOH, 1.5%AcOH, 10%EtOAc in CHC1 3)· 
-1 1710(s), 1283(s , aryl methyl ether C-O) cm . 
9.40(b, 1H, -C02H), 7.63(d, lH, J=9.3Hz, Ar.H-7), 7 . 27-7 . 20(m , 
2H, Ar.H-4 & 6), 4.26(dd, lH, J=3.4 & 7.8Hz, H-1), 3 . 84(s, 3H, 
MS 
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ArOCH3), 3.16 & 2 . 91(AS-part of ASX, 2H , JAX=3.4HZ, JSx =7 . 8HZ, 
J AS=19 . 4HZ, H-2u,e). 
203 . 90(C-3), 177.S0(-C02H), 160.68(sup ., c-s
/t ), 143.19(sup., 
C-3a#), 137.70(sup., C-7a#) , 127 . 430n , C-7#), 124 . 300n , C-6#), 
10S . 470n, C-4#), SS . 710n, ArO~H3)' 42 . 860n , C-1) , 39.94(out , 
C-2) . 
+ 206(36% , M ) , 161(100),133(23),118(9),77(7). 
Cal cd. C 64.07; H 4.89 
Found. C 64.04; H 4.84 
0 
O~OMe 0 OMe 
.. + Me02C 
-
- 52 C02Me C02Me 
34 50 
0 OMe 
+ + 0 0 
Me02C 
51 
- 58 C02Me 
Reductive Alkylation of Indanone Acid 34 
Potassium t-butoxide (1 . 0g, 9mmol) was added to a solution of the 
indanone acid 34 (1 . 44g, 7mmol) in distilled dry THF (lSmL) and the mixture 
was cooled to -78 o C. Dry liquid ammonia (-70mL) was distilled in and the 
# Throughout the Experimental section, all spectroscopic data denoted 
with a (#) indicate tentative assignments . 
155 
mixture was treated with potassium metal (0 . 68g, 17 . 5mmol) until a 
permanent blue colour was observed. After stirring at -78 o C for 2. 5 hours , 
the blue colour was discharged with 1,3-pentadiene (0.5mL) . Anhydrous 
lithium bromide (2 .6g, 30mmol) in THF (10mL) was added and the mixture was 
stirred for a further 15 minutes. After addition of 3 , 3-dimethylallyl 
bromide (1 . 15g , 0 . 9mL, 7 . 7mmol) , the mixture was stirred for 5 minutes and 
immediately quenched with ammonium chloride (-3g). On evaporation of the 
liquid ammonia, the alkaline residue (pH-10) was dissolved in water (100mL) 
and washed with dichloromethane (2x30mL) . The aqueous phase was cooled to 
OOC, acidified to pH-3 with aqueous 10% orthophosphoric acid and extracted 
with ethyl acetate. The organic extract was successively washed with water 
and brine , then dried. A r ed syrup obtained upon removal of the solvent , 
was diluted in ether (20mL) and cooled to O°C . Ethereal diazomethane was 
added until the evolution of gas subsided . The resulting solution was 
warmed gently to remove the excess diazomethane. Evaporation of the 
solvent provided a red viscous oil . After filtration through a short 
column of silica gel and solvent removal, the resultant yellow oil was 
chromatographed (MPLC 50% ethyl acetate in hexane) to provide, in order of 
elution, 
* * (i) (l-R , 3a-R )- Methyl 2,3,3a , 6-tetrahydro-5-methoxy-3a-(3-methyl - 2-
butenyl)- 3-oxo-1H-indene-1-carboxylate 50 as a yellow oil (926mg , 46%) . 
Attempts to purify further by distillation under reduced pressure only led 
to decomposition of the material. 
0.78 (50% EtOAc in hexane). 
-1 1745(s) , 1730(s) cm . 
5 . 72(m , 1H , W1/2 =10 . 3HZ , H-7) , 5 . 01(bt , 1H , W1/2=15 . 1HZ , HC=<) , 
4. 79(d , 1H, J=2 . 0Hz , H-4) , 3. 81overlapping(m, 1H , H-1) , 3 . 81(s, 
# # 3H, ArOCH
3 
), 3.56(s, 3H , -C02CH 3 ) , 2 .96-2.17(e , 6H , 3xCH 2) , 
1.68 & 1.58[both s, 3H each, =C(CH 3)2] ' 
MS 
HRMS 
213.83(C-3) , 172 . 30(-f.02Me), 156.10(C-5" ) , 
135.72(=C<"), 119.16(C-7"), 117 . 67(HC=<"), 
" 138.58(C-7a ) , 
92.56 (C-4"), 
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56 . 59(sup., C-3a), 54 .60 (in -OCH 3), 52,15(in, -C02f.H3), 
43.07(in, C-l), 40.70(out, C-2), 36.59(out, vinyl CH 2") , 
30.16(out, C-6"), 26 . 05(in, trans =Cf.H3), 18 . 02(in , cis =Cf.H3). 
+ 290(2% , M ),221(47),220(40) , 161(100),151(33),69(19),59(3) 
41(15) . 
C17H2204 requires 290 . 1518 found 290 . 1518 . 
* flit (l-R ,7-~) -Methyl 2,3 , 4,7-tetrahydro-5-methoxy-7-(3-methyl-2-
* butenyl)-3-oxo-1H-indene-l-carboxylate 52 and (l -R ,7-~ )-Methyl 2,3,6,7-
tetrahydro-5-methoxy-7-(3-methy-2-butenyl)-3-oxo-1H-indene-l-carboxylate 51 
were co-eluted and appeared as a yellow semi-solid (233mg , 11%). Proton 
NMR analysis of the mixture revealed that it was a 1 : 1 mixture. 
52 was isolated as a pale yellow solid on crystallisation of the mixture 
from diisopropylether . Further purification by means of recrystallisation 
from dichloromethane/hexane afforded 52 as colourless crystals . 
1 H NMR 
0 . 69 (50% EtOAc in hexane) 
1737(s, methyl ester C=O) , 1705(s, a,S-unsaturated 
-1 
cyclopentanone C=O) em . 
5 . 03(bt, lH, W1/2=14 . 4Hz , HC=<), 4.61(d, lH, J=3.7Hz, H-6), 
3.770verlapping(m, lH, H-1) , 3.75(s, 3H, -C02CH 3), 3 .57(s , 3H , 
-OCH
3
), 3.34(bm, lH, W1/2=15. 4HZ, H-7), 2.85(m, 2H , H-4a,S), 
2.70(m, 2H , H-2a,S) , 2.38(bm, 2H , vinyl CH 2) , 1.70 & 1. 63[both 
s, 3H each , =C(~H3)2J. 
Irradiation of the broad multiplet at 6 3 .34 caused partial 
simplification of the multiplets at 6 2 . 85 and 2. 38 , while the doublet at 
1111 ~ refers to unknown configuration, see Ref. 207 , p . l07. 
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o 4 . 61 collapsed into a singlet . On irradiation of the multiplet at 
o 3 .77, both multiplets at 0 2 . 85 and 2. 70 were partially simplified . 
Irradiation of the doublet at 0 4 . 61 caused partial simplification of the 
broad multiplet at 0 3 . 34 and the multiplet at 0 2 . 85 . 
MS 
HRMS 
205.00(C - 3) , 171.89(-~02Me), 168.38 (C-7a# ) , 153 . 20(C - 5#), 
138 . 02(C-3a#), 134 . 05(=C<#) , 120 . 09(HC=<#), 94.45(out , C-6), 
54.36(in, -OCH/), 52 . 29(in , - C02~H/) , 44 . 49(in , C-1) , 
38 . 83(out , C- 2), 37 . 72(in , C-7) , 32 . 81(out, vinyl CH 2#) , 
25.69(in, trans =C~H3)' 25 . 02(out , C-4#) , 17 .92(in , cis =C~H3) . 
+ + 291(11% , M +1),290 «1) , 221(M -C5H9 , 20), 193(45) , 179(9), 
161(54) , 151(100) , 134(28) , 41(41). 
requires 221 . 0814 found 221 . 0813 
51 remained in the mother liquor of the above crystallisation as a yellow 
syrup . 
Rf 
1 H NMR 
0 . 69 (EtOAc in hexane) . 
5 . 26(s , lH , H- 4) , 5 . 11(bt , 1H, HC=<) , 3 . 77overlapping(m , 1H , 
H-1), 3 . 76(s , 1H , -OCH3#) , 3 . 66(s, 1H, -C02CH 3#) , 2. 80 - 2. 10(e , 
7H, H- 7 & 3xCH2) , 1. 73 & 1. 60[both s , 3H each , =C(CH 3)2 J. 
Diketone 58 (40mg , 2%) 
The mobility on TLC and the proton NMR spectrum of the material are 
identical to those obtained by acid hydrolysis of the enol ether 50 (p . 158) . 
158 
o 
OMe o 
50 58 
* * (1-R ,3a-R )-Methyl 2,3,3a , 4,5,6-hexahydro-3a-(3-methyl-2-butenyl)-3,5-
dioxo-1H-indene-1-carboxylate 58 
A solution of the methyl enol ether 50 (0 . 5g , 1.7mmol) in THF (12mL) 
and aqueous 2M hydrochloric acid (4mL) was stirred at ambient temperature 
for 9 hours. The reaction mixture was poured into water and extracted with 
ethyl acetate. The organic extract was washed sequentially with saturated 
aqueous sodium hydrogen carbonate solution , water and brine. After drying 
and evaporation of the solvent , an orange oil was obtained . The crude 
product was flash chromatographed to afford diketone 58 as a yellow syrup 
(0.35g, 74%) . 
1H NMR 
MS 
0.55 (50% EtOAc in hexane) . 
1743(s, methyl ester & cyclopentanone C=O) , 1720(sh, 
-1 
cyclohexanone C=O) cm . 
5 . 90(m, 1H , W1/2 =9 .8HZ, H-7) , 4.99(bt, 1H, W1/2=16.0HZ , HC= <) , 
3.92(m , 1H, H-1) , 3 . 83(s , 3H , -C02CH 3) , 3. 05-2.18(e , 8H , 4xCH 2), 
1.65 & 1 . 58[both s , 3H each , =C(CH3)2 J. 
214 . 53(C-3) , 206 . 18(C-5), 172 . 10(-~02Me), 139 . 98(C-7a) , 
138.17(=C<), 119.51(C-7), 116 . 91(HC=<) , 55.54(sup. , C-3a) , 
52 . 38(in, -C02~H3)' 44.47(out , C-6#) , 43 . 68(in , C-1) , 40 . 94(out , 
# /I /I C-4 ) , 38 . 51(out , C-2 ) , 35.16(out , vinyl CH2 ) , 25 . 84(in , trans 
=C~H3) ' 17.96(in, cis =C~H3). 
276«1%, M+), 245(2) , 220(32) , 208(98), 161(100), 148(7), 
69(68) , 43(31). 
1 59 
HRMS 
Calcd. 
Found . 
0 0 
-
Me02C 58 
requires 276 . 1362 
C 69 . 55; 
C 69.52; 
0 
.. 
H 7.29 
H 7 . 06 
Me02C 
Cis-Hydroxylation of Diene 58 
found 276.1361 
0 0 
+ 
;: 
59 Me0 2C 60 
The diene 58 (58mg , 0.21mmol) in a mixture of ether (1mL) and pyridine 
(1mL) was treated with osmium tetroxide (60mg , 0 . 24mmol) . The dark brown 
mxture was stirred at ambient temperature for 17 hours for completion of 
reaction . The reaction mixture was quenched with a solution of sodium 
thiosulfate (400mg) in a 1:1 pyridine/ water mixture (2mL) and stirred for 
hour, diluted with water and extracted with ethyl acetate . The extract was 
washed sequentially with water and brine , then dried . A yellow oil was 
obtained on evaporation of the solvent. The sample was chromatographed 
(MPLC 90% ethyl acetate in hexane) to afford , in order of elution , 
* * (i) (1-R , 3a-R , 7-~,7a-~)-Methyl 2,3 , 3a , 4,5,6 , 7 , 7a-octahydro-7,7a-
dihydroxy-3a-(3-methyl-2-butenyl)-3 , 5-dioxo-1H-indene-1-carboxylate 59 as a 
colourless syrup (2mg , 3%) . 
Rf 
IR 
1 H NMR 
MS 
HRMS 
0.70 (90% EtOAc in hexane). 
3400(b), 1750(s) , 1715(s) cm- 1. 
4. 85(bt, 1H , HC=<) , 4.25(m , 1H , H-7) , 3. 80(s , 3H, - C02CH 3), 
3. 45(t , 1H , H-1) , 2. 90-1.80(e , 10H , 4xCH2 & 2xOH), 1.65 & 
1. 00[both s , 3H each , =C(CH 3)2 J• 
+ 310(2% , M ) , 292(3) , 279(6) , 242(3) , 69(87) , 50(100) . 
re qu ires 310 . 1416 f ound 310 . 1416 . 
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Ci i) * * (1-R ,3a-R )-Methyl 3a-[(2-~)-2,3-dihydroxY(3-methYl)JbutYl-
2,3,3a ,4,5,6-hexahydro-3,5-dioxo-1H-indene-1-carboxYlate 60 as a colourless 
syrup(4.4mg, 8%). 
Rf 
IR 
0.66 (90% EtOAc in hexane). 
3600(w), 3400(b), 1740(sh), 1715(s) -1 cm 
1 H NMR 5.65(m, 1H, H-7), 3.95(t, 1H, ~C-OH), 3.75(s, 3H , -C02CH 3), 
3.60(m, 1H, H-1), 2.90-2.05(e, 10H, 4xCH 2 & 2xOH) , 1.30 & 
1.00[both s, 3H each, =C(CH 3)2 J . 
MS + 310(2%, M ), 292(7), 252(11), 251(6), 208(70), 207(38),161(22), 
50(100). 
HRMS requires 310 .1416 found 310 .1 416 
o o o o 
58 61 
* * (1-R ,3a-R )-Methyl 3a-[(2-~)-2,3-epoxY-(3-methyl)butylJ-2,3,3a,4,5,6-
hexahydro-3,5-d ioxo-1H-indene-1-carboxylate ~ 
A solution of the diene 58 (55mg , 0 . 2mmol) in chloroform (5mL) was 
treated with m-chloroperoxybenzoic acid (41mg , 0 . 24mmol) . After 7 hours of 
stirring under nitrogen at ambient temperature, the reaction mixture was 
diluted with ethyl acetate, washed with saturated aqueous sodium hydrogen 
carbonate solution, water and brine sequentially then dried. Evaporation 
of the solvent yielded an oil which was flash chromatographed to afford an 
inseparable mixture of the diastereomeric epoxides ~ (55mg , 95%) as a 
viscous oil. Analysis of the proton NMR spectrum of this mixture revealed 
that the ratio of the diastereomers was -1 :1. However, no attempts were 
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made to separate and characterise each epimer . 
Rf 0.33 oblong(40% EtOAc in hexane). 
lH NMR 6.03-5.93(m, lH, H-7) , 4.10-3.98(m, 1 H, H-l) , 3.84(s , 3H, 
-C02CH 3), 3 .1 4-1.55(e , 9H, 4xCH2 & epoxy CH), 1.28, 1.26, 1. 22 & 
1.20[all s, each 1.5H, =C (CH 3) 2 J. 
C16H2005 Cal cd. C 65.74; H 6. 90 
Found. C 65.85 ; H 7.18 
o OMe o 
.. 
50 64 
* * (l-R ,3a-R )-Methyl 5 ,5-ethylenedioxy-2 , 3,3a ,4,5,6-hexahydro-3a-(3-methyl-
2-butenyl)-3-oxo-1H-indene-l-carboxylate 64 
A mixture of the trip.nol ether 50 ( 0.9g, 3.1mmol ) , dry ethylene glycol 
(5mL) and pyridinium E-toluenesulfonate (0 . 2g) in dry toluene (20mL) was 
stirred at 80 0 C, under nitrogen, for 16 hours: The mixture was then 
cooled, diluted with ethyl acetate, sequentially washed with water and 
brine, dried and concentrated to yield a pale yellow solid. This solid was 
recrystallised from petroleum spirit to give the ketal 64 (0.9g, 91%) as 
cOlourless needle-shaped crystals . 
m.p. 110-111°C. 
Rf 
IR 
1 H NMR 
0.65 (50% EtOAc in hexane) . 
-1 1740(s, cyclopentanone C=O) cm 
5.62(dt , lH, J=2.5 & 4. 0Hz , H-7), 5.06(bt, lH, HC= <), 3.93 & 
3.91(ABq , 4H, J AB =7.0HZ, OC~2C~20) 3.92overlapping(m . lH , H-l), 
3.80(s, 3H , -C02CH3 ), 2. 84 & 2.70(AB-part of ABX, 2H, JAX =9.0HZ, 
MS 
o 
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J SX =9.5Hz , J AS=19 . 0HZ , H-2a , S) , 2.57-2 . 25(e, 4H, 2x vinyl CH 2) , 
2 . 01 & 1.7HASq , 2H, J AB =13 . 9HZ , H-4a,S), 1.71 & 1.60[both s, 3H 
each , =C(CH 3)2 J . 
213 . 88(C-3) , 172.48(-~02Me) , 139 . 08(C-7a), 135.66(=C<) , 
119 . 45(C-7) , 117 . 96(HC= <) , 108 . 18(sup . , C-5) , 64 . 65 & 63.89(out , 
O~H2~H20) , 54 . 95(sup., C-3a) , 52.18(in, -C02~H3)' 43 . 57(in, 
# # # C-1) , 40 . 47(out , c-6 ) , 35 . 83(out , C-4 ) , 34.19(out , C-2 ), 
33 . 26(out , vinyl CH2#), 25 . 96(in, trans =C~H3) ' 17 . 96(in , cis 
=C~H3) ' 
+ 320(3% , M ) , 289(1) , 261(2) , 252(100) , 193(8) , 86(15),69(15) . 
C 67 . 48; H 7 . 55 
Found. C 67 . 63; H 7 . 63 
HO 
.. 
64 67 
* * * (l-R , 3-R , 3a-R )-Methyl 5 , 5-ethylenedioxy-2 , 3, 3a,4,5 , 6- hexahydro-3-
hydroxy-3a-(3-me thYl-2-butenyl )-lH-i ndene-1-carboxYlate 67 
The dienone 64 (2.6g, 8 . 1mmol) was dissolved in methanol (50mL) and 
chilled in an ice-water bath . Powdered sodium borohydride (0 . 61g , 
16 . 2mmol) was added in one portion . After stirring for 10 minutes , the 
reaction mixture was diluted with ethyl acetate , and quenched cautiously 
by slow addition of water. The organic layer was washed with water then 
brine , dried and evaporated to afford analytically pure dienol 67 as a 
colourless syrup (2 . 6g , 99%) . 
0 . 45 (50% EtOAc i n hexane) . 
IR 
163 
3610( w, fr ee O- H) , 3500(b , H-bonded O-H) , 1730(s , methyl ester 
C=O) cm -1 . 
1 H NMR 5 . 51(m , lH , W1/2 =1 1.0Hz , H- 7) , 5 . 28(bt , lH , HC=<) , 4 . 05(t , lH , 
J=8 ~ 9HZ , H- 3) , 3 . 92(m , 4H, OC!::!.2 C!::!.20), 3 . 72(s, 3H , - C0 2CH 3), 
3. 57(m , lH , W'/2=17 . 6HZ , H- 1) , 2. 55-1.89(e , 8H, 4xCH 2) , 2 . 49(b, 
exch ., lH , OH) , 1.71 & 1.66[both s , 3H each , =C(CH
3
)2 J• 
174 . 23( -f.° 2Me ) , 141 . 79(C-7a) , 133.70(=C<) , 120 . 94(C-7) , 
118 . 37( HC=<) , 108 . 97( s up ., C-5) , 79 . 22(in , C-3) , 64 . 38 & 
MS 
63.95 (out , 0f.H2f.H20) , 51 .89(in , - C02~H3)' 49. 78(sup ., C-3a) , 
. # # 43.42(ln , C- l) , 38 . 57(out , C- 6) , 35 . 21(out , C-4) , 34 . 31(out , 
vinyl CH2#) , 29 . 90(out , C- 2#) , 26 . 07(in , trans = C~H3) ' 18 . 05(in , 
CiS = C~H3) · 
+ 322(24% , M ) , 304(100) , 291(8) , 263(11) , 253(72) , 245(11) , 
235(68) , 175(63) , 87(90) , 86(63) . 
HRMS C18H2605 requires 322.1783 found 322 . 1783 
C18H2605 Calcd . C 67 . 06 ; H 8 . 13 
Found . C 66 . 93; H 7 . 84 
HO AcO 
.. 
67 68 
* * * ( l - R , 3-R , 3a-R )-Methyl 3-acetoxy-5 , 5-ethylenedioxy-2 , 3, 3a , 4,5 , 6-
hexahydr o-3a-(3-methyl-2-butenyl)-lH-indene-l-carboxylate 68 
A solution of the dienol 67 (0 . 18g , 0.56mmol) , DMAP (-10mg) and acetic 
anhydride (86mg , 79~L , 0 . 84mmol) in dr y pyridine (3mL) was stirred under 
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nitrogen at ambient temperature for two hours . The reaction mixture was 
then cooled to OOC, quenched by dropwise addition of water and extracted 
into ethyl acetate. The extract was washed sequentially with aqueous 10% 
sodium hydrogen carbonate solution, water and brine, and dried. 
Evaporation of the solvent afforded the acetate 68 as an analytically pure 
syrup (196mg, 96%). 
Rf 
IR 
1 H NMR 
MS 
0.66 (50% EtoAc in hexane) . 
1735(s, methyl ester & acetate C=O) -1 cm 
5.56(m, 1 H, W 1 !2 = 11 . 2Hz, H-7) , 5.16overlapping(bm, 1 H, HC=<) , 
5 . 08overlapping(t, 1H, J=8.9Hz, H-3), 3.91(bs, 4H, OCH 2CH 20), 
3. 73(s , 3H, -C02CH 3), 3.59(bm, 1H, H-1), 2.71-1 . 76(e , 8H, 
4xCH2), 2.07(discernible s, 3H , H3CC02-), 1.70 & 1. 63[both s, 3H 
each , =C(CH 3)2 J. 
173.50(-~02Me), 170 . 58(Me~02-) ' 140 . 62(C-7a) , 133 . 32(=C<) , 
120 . 62(C-7), 119.16(HC=<), 108.65 (sup ., C-5), 79 . 28(in, C-3) , 
64 . 44 & 63 . 95(out, 0fH2fH20) , 51 . 95(in, C02~H3)' 49 . 76(sup ., 
# # C-3a), 43 . 74(in , C-1) , 38 . 63(out , C-6) , 35 . 27(out , C-4) , 
# # . 31.65(out , vinyl CH2 ) , 31.13(out , C-2 ) , 26 .1 3(1n , trans 
=CfH3), 21 .05(in, H3~C02-) ' 18.02(in, cis =CfH3). 
364(2%, M+) , 304(15), 245(6) , 235(100) , 175(19) ,1 59(10) , 
143(4),87(31),86(17),69(9),43(25). 
Calcd . C 65.92; H 7 . 74 
Found. C 65.87; H 7 . 95 
16 5 
AcO AcO 
* * * (1-R , 3-R , 3a-R )-Methyl 3-acetoxY-3a-[(2-~)-2 , 3-epoxY-(3-methyl)-butY1J-
5,5-ethylenedioxy-2 , 3, 3a , 4,5,6-hexahydro-1H-indene-1-carboxylate 69 
A solution of t he diene 68 (163mg , 0 . 45mmol) in chloroform (3mL) was 
treated with ~-chloroperoxybenzoic acid (116mg , 0.67mmol) at O°C . The 
reaction was complete after 10 minutes and the m-chlorobenzoic acid which 
had precipitated out was filtered off . The filtrate was diluted with ethyl 
acetate , washed with aqueous 10% sodium sul f ite solution , saturated aqueous 
sodium hydrogen carbonate solution, water and brine sequentiall y then 
dried . After evaporation of the solvent , a pale yellow syrup was obtained . 
The sample was purified by flash chromatography to give an inseparable 
mixture of the dias tereomeric epoxides 69 as a cOlourless viscous oil 
(163mg , 96%). Proton NMR analysis revealed that it was a 3 :2 mixture . 
Rf 
IR 
1 H NMR 
0 . 35 oblong(50% EtOAc in hexane) . 
-1 1738(s , es ters C=O) cm . 
5 . 66-5 . 59(m , 1H, H-7), 5 . 16-5 . 02(m , 1H , H-3) , 3 . 92(bs, 4H , 
OCH2CH20) , 3 . 74(s, 3H , -C02CH 3), 3 . 74-3 . 55(bm , 1H , H-1) , 2. 91 & 
2 . 80(both t , 0 . 6H & 0 . 4H respectively , epoxy CH) , 2 . 75-1 . 74(e, 
8H , 4xCH2 ) , 2. 08 & 2. 07(both discernible s , 1. 2H & 1. 8H 
r especti vely, H3CC02-) , 1. 32 , 1. 30 , 1. 28 & 1. 27[all s , 1. 8H , 
1. 2H , 1. 8H & 1. 2H respectively , >C(CH 3)2 J . 
173 . 36 & 173 . 21 (-f02Me) , 170 . 29 & 170 . 61(Mef02-) , 139 . 72 & 
140 . 24(C-7a) , 119 . 86 & 120 . 01(C-7) , 108 . 47 & 108 . 07(sup., C-5) , 
79 . 92 & 79 . 19(i n, C-3) , 64 . 00 & 64 . 44(out , OfH2fH20) , 61 . 58 & 
MS 
C20H2807 
AcO 
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61 .14(in, epoxy CH) , 58 . 05 & 57 . 90(sup ., epoxy quarternary C) , 
51 . 97 & 52.03(in , -C02~H3) ' 48.59 & 48 . 27(sup ., C- 3a) , 43 . 54 & 
43 . 59(in , C-1), 39 . 68 & 39.24(out , C-6), 35 . 71 & 35 . 30(out , 
# # C-4) , 31.89 & 31.77(out , C-2 ) ,31.45 & 31.54(out , epoxy CH 2 ) , 
24 . 85, 19 . 04 & 24.91, 19 . 13[in, C(~H3)2J , 21 . 05(in , H3~C02-)' 
380(7% , + M ) , 321(11) , 235( 8) , 175(10) , 87(98) , 86(100) . 
Cal cd . C 63.14 ; H 7 . 42 
Found. C 63 .15 ; H 7 . 54 
.. 
AcO 
70 
Preparation of Aldehyde 70 from Epoxide 69 
A solution of the epoxide 69 (12mg , 32~mol) and periodic acid dihydrate 
(12mg , 53~mol) in THF (lmL) was stirred at ambient temperature under 
nitrogen. After 2 hours, the mixture was quenched with water and extracted 
with ethyl acetate . The organic extract was washed with saturated aqueous 
sodium hydrogen carbonate solution, water and brine successively and dried . 
evaporation of the solvent afforded an oil which was chromatographed (MPLC 
75% ethyl acetate in hexane) to yield the aldehyde 70 as a colourless oil 
(4mg, 37%) . The chr omatographi c mobil it y and proton NMR of this product 
were identical to those of the same compound obtained by the ozonolysis 
route (see p.167) • 
AcO AcO 
68 
* * * 
o 
I 
167 
70 
(l-R , 3-R ,3a-R )-Methyl 3-acetoxy-5,5-ethylenedioxy-2,3,3a , 4,5,6-
hexahydro-3a-(2-oxoethyl )-lH-indene-1-carboxylate 70 
A freshly standardised solution of ozone in dichloromethane, 9rnM, 
(140mL, 1. 26mmol) was added to the diene 68 (0 . 46g, 1. 26mmol) in a mixture 
of dichloromethane (20mL) and pyridine (1 . 6mL) at -78 o C. After stirring 
for 5 minutes, the mixture was quenched with dimethyl sulfide (lmL) and 
allowed to warm up to room temperature. After removal of most of the 
solvent, the residue was taken into ethyl acetate, washed thrice with water 
then brine and dried. Evaporation of the solvent afforded a yellow oil 
which was flash chromatographed (50% ethyl acetate in hexane) to yield the 
aldehyde 70 as a colourless viscous oil (0.42g, 98%).[A 
Rf 
1 H NMR 
MS 
0.36 (50% EtOAc in hexane) . 
9.79(dd, 1H, J=3 . 4Hz & 104Hz, -CHO), 5 . 63(m, 1H, W1/2=10.lHZ, 
H-7), 5 . 02(t , 1H, J=8.9Hz , H-3), 3.93(bm , 4H, OC~2C~20) , 3. 74(s , 
3H, -C02CH 3) , 3 . 61 (m, 1H, H-1) , 2.87-1. 70(e, 8H , 4xCH 2) , 
2.03(discernible s , 3H , H3CC02-) . 
201.21(-CHO), 173.12(-f.02Me ) , 170.11(Mef.02-), 139 . 05(C-7a), 
120.65(C-7), 107 . 75(sup ., C-5) , 80 . 50(in, C-3) , 64 . 56 & 
64.03(out , 0f.H2f.H20) , 52.21(in, -C02f.H3) , 48.30(sup. , C-3a), 
It. It 44.94(out, H2f.CHO ), 43 . 24(ln , C-1) , 39 . 68(out, c-6 ) , 
It It 36.21(out , C-4 ), 31.48(out , C-2 ), 20 .88(H3f.C02- ) . 
338(9% , M+), 307(2), 295(3) , 279(14) , 235(4) , 219(3), 175(3), 
87(65), 86(100). 
Calcd . 
Found. 
° I 
16 8 
C 60.35; H 6 . 55 
C 60 . 06; H 6 . 55 
AcO 
OH 
___ ~ .. _ACO~O AC0r---cr0 
+ ~I' 
C02Me OH 70 
72b 
ACid-catalysed aldol cyclisation of aldehyde 70 
A mixture of the aldehyde 70 (164mg, 0 . 49mmol) , acetone (10mL ) and 3M 
aqueous hydrochloric acid (2mL) was heated under reflux for 50 minutes then 
cooled. The mixture was diluted with water and extracted with ethyl 
acetate . The extract was washed successively with saturated aqueous sodium 
hydrogen carbonate s olution, water and brine then dried . Evaporation of 
the solvent afforded an oil which was chromatographed (MPLC 75% ethyl 
acetate in hexane) to provide , in order of elution , 
* * * * * (i) (l-R , 3-R , 3a-R , 6-R , 8-S )-Methyl 3- acetoxy-1 , 2 , 3,4 , 5 , 6- hexahydro-8-
hydroxy-5-oxo- 3a ,6-ethano-3aH-indene-1-carboxylate 72a as a colourless 
syrup (95mg , 67%) , 
1 H NMR 
0.40 (75% EtOAc in hexane) . 
3595( w free O-H) , 3440(b , H- bonded O-H) , 1735(sh) , 1730(s) , 
1718(sh ) -1 cm 
5 . 94(dd , 1H , J=2 . 0 & 6. 5Hz , H-7) , 5 . 33(t , 1H, J=5 . 5Hz , H-3) , 
4. 25(bm , 1H, H-8), 3. 730verlapping(m , 1H , H-1), 3 . 71(s , 3H , 
-C02CH 3) , 3 . 33(dd , 1H, J=4.0 & 6 . 5Hz , H-6), 2.63-1.43(e , 7H, 
3xCH2 & OH) , 2. 09(discernible s, 3H , H3CC02-). 
On irradiation of the doublet of doublets at 0 5 . 94 the overlapping 
multipl et at 0 3 . 73 was simplified while the doublet of doublets at 0 3.33 
16 9 
collapsed into a doublet with J=4 . 0Hz . Irradiation of the multiplet at 
o 4 . 25 caused collapse of the doublet of doublets at 0 3 . 33 into a doublet 
with J=6.5Hz, and partial simplification of the 0 2 . 10-1.43 region of the 
methylene proton envelop . 
MS 
209 . 71 (C-5) , 171 . 90( -f02Me) , 170. 35(Mef02-) , 153 . 68(C-7a), 
116.97(C- 7) , 77.67overlapping with fDC13(in , C-3) , 68.79(in , 
C-8) , 58 . 11(in , C-6), 52.35(in , -C02fH3) , 50.60(sup. , C-3a) , 
# # # 44 . 50(out , C-4 ), 43.19(out , C-1 ) , 35 . 51(out, C-9 ) , 35 . 24(out, 
C-2#) , 20 . 85(in , H3fC02-). 
+ 294(2% , M) , 262(8), 252(2) , 234(4) , 202(6) , 190(19) , 175(100) , 
143(35) , 115(92) , 43(49) . 
* * * * * (ii) (1-R ,3-R , 3a-R , 6- R , 8- R )-Methyl 3- acetoxy-1 , 2,3 , 4, 5 , 6-hexahydro-8-
hydroxy-5-oxo-3a , 6-ethano-3aH-indene- 1- carboxYlate 72b as a colourless 
syrup(20mg , 14%) , 
Rf 
1H NMR 
MS 
0 . 37 (75% EtOAc in hexane) . 
6 . 05(dd, 1H , H-7), 5 . 35(t, 1H , H-3) , 4 . 35(bm , 1H, H- 9) , 
3 . 88(dt , 1 H, H-1) , 3 . 72(s , 3H, - C02CH 3), 3. 47(dd , 1 H, H- 6) , 
2 . 60-0 . 97(e, 7H, 3xCH2 & OH) , 2. 10(discernible s , 3H , H3CC02-) . 
294(20% , M+) , 262(18) , 252(6) , 234(11) , 192(100) , 190(88) , 
175(48) , 131(51) , 115(39), 43(69). 
HRMS C15H1806 requires 294 . 1103 found 294 . 1100 
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HO DeAO 
* * * (1-R ,3-R ,3a-R )-Methyl 3-dichloroacetoxy-5,5-ethylenedioxy-2,3,3a,4,5,6-
hexahydro-3a-(3-me thyl-2-butenyl)-1H-indene-1-carboxYlate 74 
The alcohol 67 (1.3g, 4mmol) in a mixture of dry dichloromethane (20mL) 
and pyridine (2mL) was treated with dichloroacetyl chloride (0 .7g, 0.47mL, 
4.8mmol). After 3 hours of stirring at ambient temperature, the reaction 
mixture was cooled to O°C and quenched by dropwise addition of water. 
After extraction with ethyl acetate, the extract was washed successively 
with aqueous 10% sodium hydrogen carbonate solution, water and brine then 
dried. Evaporation of the solvent gave a pale yellow oil, which was eluted 
through a pad of silica gel with 30% ethyl acetate in hexane. After 
removal of the solvent, the dichloroacetate 7~ was obtained as a 
crystalline solid (1.64g, 94%). Recrystallisation from petroleum spirit 
afforded 74 as colourless needle-shaped crystals. 
m.p. 73-74°C. 
Rf 
IR 
1 H NMR 
0.74 (50% EtOAc in hexane) . 
1760(s,), 1742(s) -1 cm 
5.96(s, 1H, C1 2CH-), 5~62(m, 1H, W1/2=11.23Hz, H-7), 5.24(t, 1H, 
J=8.8Hz, H-3), 5.15(bt, 1H, HC=<), 3.92(bs , 4H, OCH 2CH 20), 
3.75(s, 3H, -C02CH3) , 3.63(bm , 1H, H-1), 2.71(m , 1H, H-2'), 
2.46-1.61 (e, 7H, H-2 & 3xCH2), 1.71 & 1. 63[both discerni ble s, 
3H each, =C(~H3)2J. 
MS 
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173.06(s, -~02Me), 164.19(s, C12CH~02-)' 139 . 51(s, C-7a), 
134 . 05(s, =C <), 120 . 01(d, 160Hz, C-7) , 119.86(d, 160Hz , HC=<) , 
108.39(s, C-5), 81. 93(d, 157Hz, C-3) , 64 . 47 overlapping(d , 
• 
182Hz, C12~H-), 64.47overlapping(t, 149Hz, O~H2CH20), 63.96(t, 
149Hz, OCH2~H20), 52.00(q, 146Hz, -C02~H3)' 50.25(s, C-3a), 
If 43.51(d, 135Hz, C-1), 38.16(t, 128Hz, C-6 ), 35 . 01(t, 129Hz, 
If If If C-4), 31.04(t, 132Hz, C-2), 30.89(t, 132Hz , vinyl CH 2 ), 
26.02(q, 127Hz, trans =C~H3)' 18.02(q, 129Hz, cis =C~H3). 
+ 432(3% , M ) , 373(2), 363(7), 304(40) , 245(9), 235(100), 218(4), 
175(17), 159(7) , 86(36). 
HRMS C20H2606Cl2 
C20H2606C12 Calcd. 
requires 432 .1106 found 432.1107 
C 55.44; 
C 55.81; 
H 6.05; Cl 16.36 
Found. H 6 . 21 ; Cl 16 .1 3 
DCAO 
CHO 
DCAo'dj) 
-
C02Me 75 
* * * (1-R ,3-R ,3a-R )-Methyl 3-dichloroacetoxy-5,5-ethylenedioxy-2 , 3,3a,4,5,6-
hexahydro-3a-(2-oxoethyl)-1H-indene-1-carboxylate 75 
The diene 14 (444mg, 1 . 02mmol) in a mixture of dichloromethane (15mL) 
and pyridine (2mL), was cooled to -78 oc and treated with ozone (120mL of a 
8.5mM solution in dichloromethane, 1.02mmol). The solution was stirred for 
5 minutes then quenched with dimethylsulfide (1mL) and allowed to warm up 
to room temperature. After removal of most of the solvent , the residue was 
dissolved in ethyl acetate and washed with water (thrice) then brine, and 
dried. A yell ow oil was obtained on evaporation of the solvent, which was 
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flash chromatographed to afford the enal 75 (390mg , 93%) as a colourless 
crystalline solid . An analytical sample was prepared,by recrystallisation 
from petroleum spirit to afford 75 as colourless cubes. 
m.p. 117-118 o C. 
Rf 
IR 
1 H NMR 
MS 
0.64 (50% EtOAc in hexane) . 
1765(sh), 1730(s) -1 cm 
9.78(dd, 1H, J=1.5 & 2.9Hz , -CHO), 5 . 95(s, 1H, C1 2CH-), 5 . 68(m, 
1H, W1/2=10.3Hz, H-7), 5 . 12(t, 1H, J=8 . 8Hz, H-3) , 3.93(bs , 4H, 
OC~2C~20) , 3.75(s, 3H, -C02CH 3), 3. 66(m, 1H, H-1), 2.82-1 . 72(e, 
8H, 4xCH2). 
200.89( -CHO ) , 172 . 77(-~02Me), 163.81(C12CH~02-)' 138.26(C-7a), 
121.32(C-7) , 107.54(sup., C-5), 83 . 48(in , C-3), 64.59 & 
64.09(out, O~H2~H20), 64 . 18(in, C12~H-), 52.30(in , -C02~H3)' 
/I 48 . 18(sup., C-3a), 45.00(out, -~H2CHO ) , 43 . 13(in , C-1), 
/I /I 4( C-2/1). 39.83(out, C-6 ), 36.18(out, C-4 ), 31 . 0 out, 
406«1%, M+) , 363(2), 279(10) , 235(6), 219(2) , 192(6), 133(5), 
86(100). 
Calcd. C 50 . 14; H 4 . 95 Cl 17 . 41 
Found. C 50.39; H 5 . 00 Cl 17.46 
* * * * * (1-R , 3-R ,3a-R ,6-R ,8-S )-Methyl 3-dichloroacetoxy-l,2,3,4,5,6-hexahydro-
8-hydroxy-5-oxo-3a,6-ethano-3aH-indene-1-carboxylate 76a and 
* * * * * the (l-R , 3-R ,3a-R , 6-R ,8-R )-isomer 76b 
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A s ol uti on of the al dehyde 75 (1 . 5g , 3. 7mmol) in acetone (50mL) and 3M 
aqueous hydr ochl or ic acid , was heated under reflux for 1 hour . After 
cooli ng , t he mi xt ur e was diluted with ethyl acetate and washed successively 
with water, s aturated aqueous sodium hydrogen carbonate solution and brine , 
then dr ied. Evaporation of the solvent furnished the epimeric keto alcohol 
76 as a colourles s syrup (1 . 3g , 97%) . Proton NMR and GC analyses revealed 
t hat it was a 7 :1 endo/exo (76a/ 76b ) epimeric mixture. Flash 
chromatograph y of t he mi xture afforded a small amount of the less polar 
endo i s omer 76a as a colourless oil for analysis . In subsequent reactions 
of these keto alcohols, the mixture was used as a whole without separation . 
Rf 
IR 
1 H NMR 
MS 
HRMS 
0 . 30 (50% EtOAc in hexane) . 
3595(s) , 3420(b) , 1760(sh) , 1730(s) -1 cm 
6 . 04(s , 1H , C1 2CH-) , 5 . 97(dd , 1H, J=2.0 & 6 . 6Hz , H-7) , 5 . 41(t , 
1H, J=5 . 1Hz , H-3), 4.24(m , 1H , H-8) , 3. 750verlapping(m, 1H, 
H-1) , 3 . 73(s, 3H , -C02CH 3) , 3 . 55(exch ., b , 1H , OH) , 3. 35(dd , 1H , 
J=3 . 7 & 6 . 6Hz , H-6) , 2 . 66-1 . 47(e , 6H, 3xCH2). 
209.45(C - 5), 171 . 69(-~02Me) , 163 . 92(C12CH~02-) ' 151.49(C-7a) , 
117 . 35(C- 7) , 80 . 33Cin , C-3) , 68.41Cin, C-8) , 64 . 30Cin , C12~H-) , 
57.87(i n, C-6), 52 . 47(in, -C02~H3) ' 50 . 78(sup . , C- 3a) , 44 . 33(in , 
C-1) , 42 . 86(out , C-4#) , 35.16(out , C-2#), 34 . 95(out , C-9#) . 
362«1% , M+) , 330(2) , 191(20),175(85) , 143(48) , 115(100) , 
83( 8) . 
Cal cd. 
Found. 
requires 362 . 0324 
C 49 . 61 ; 
C 49 . 87; 
H 4 . 44 
H 4 . 40 
found 362.0327 
17 4 
+ 
Acetalisation of the Hydroxy ketone 76 80 
A 7:1 endo/exo epimeric mixture of the hydroxy ketone 76 (250mg, 
0. 69mmol) , was taken into a solution of 1 , 2-dichloroethane (25mL), ethylene 
glycol (0 . 76g , 0 . 68mL , 12mmol) and £-toluenesulfonic acid (15mg) . The 
mixture was heated under reflux , with azeotropic removal of water through a 
Soxhlet of 4A molecular sieves, for 15 hours under an atmosphere of 
nitrogen. After cooling down, the mixture was diluted with ethyl acetate , 
washed successively with water, aqueous 10% sodium hydrogen carbonate 
solution and brine, then dried. The solvent was evaporated to yield a pale 
yellow oil. Three products were evident from TLC and were separated by 
flash chromatography (75% ethyl acetate in hexane) to afford, in order of 
elution: 
* * * * * (i) (1-R , 3-R ,3a-R , 6-R , 8-S )-Methyl 3-dichloroacetoxy-5 , 5-
ethylenedioxy-1 , 2,3 , 4, 5,6-hexahydro-8-hydroxY-3a , 6-ethano-3aH-indene-1-
carboxylate 78 , the endo epimer as a colourless syrup (73mg, 26%) . 
0 . 54 (75% EtOAc in hexane). 
6 . 04(dd , 1H , J=2.2 & 6 . 8Hz, H-7), 5 . 96(s, 1H, C1 2CH-) , 5 . 26(t , 
1H , J=4 . 5Hz, H-3) , 4. 04-3 . 87(m, 5H , H-8 & OC~2C~20) , 
3. 790verlapping(m, 1H , H-1), 3. 74(s, 3H, -C02CH 3) , 2 . 75(dd , 1H , 
J=1.9 & 6 . 8Hz, H-6) , 2. 50(m, 1H, H-2 ' ) , 2. 24overlapping(m , 1H , 
H-2) , 2.130verlapping(discernible d , 1H , J=12 . 9Hz, H-4), 
4 2. 130verlapping(m , 1H , H-9), 1. 73(dd , 1H , J=12.9HZ & J =3 . 2Hz , 
w 
H-4 ' ) , 1. 22(m , 1H , H-9 ' ). 
MS 
17 5 
171.87(-f0 2Me ), -164(C12CHf02-) ' 147 . 63(C-7a), 121.26(C-7), 
112 . 94(sup., C-5) , 80 . 56(in , C-3 ) , 69 . 73(in , C-8) , 64 . 50 & 
63 .89 (out , 0fH2fH20) , 64 . 24(in , C12fH-) , 52.32(in, -C0
2
f H3
), 
. # # 49 . 26(sup ., C-3a) , 46.51(ln , c-6 ) , 46.11(in, C-1 ) , 44.30(out, 
# # C-9#) . C-4 ) , 34 . 81(out , C-2 ), 33 . 84(out , 
+ 
406(0 . 5% , M ) , 388«1), 374«1) , 347(1), 279(4) , 175(66), 
115(9) , 86(100). 
HRMS C17H2007C12 requires 406.0586 found 406 . 0586 
'* . * * * * (ii) (l-R ,3-R ,3a-R ,6-R ,8-R ) isomer 79, the exo epimer as a colourless 
syrup which solidified on standing (125mg , 45%). Recrystallisation from 
ethyl acetate/petroleum spirit afforded fine needle-shaped crystals . 
m.p. 
Rf 
1 H NMR 
13C NMR 
MS 
119-120°C . 
0 . 42 (75% EtOAc in hexane) . 
6.06(dd, 1H , J=2.0 & 6.1Hz, H- 7) , 5 . 97(s , 1H, C1 2CH-) , 5.32(t, 
1H, J=4.6Hz, H-3) , 4.40(bm, 1H, H-8), 3 . 90(bs, 4H, OC~2C~20), 
3 . 84(m, 1H, H-1) , 3 . 75(s, 3H, - C02CH 3 ), 2 . 92 ( dd , 1H, J=3 . 3 & 
6 . 1Hz , H-6), 2 . 53(m , 1H , H-2'), 2.25(m , 1H, H-2) , 2 .08 (dd, 1H , 
J=8.3 & 13.4Hz , H-9), 1.83(d , 1H, J=13 . 2Hz, H-4) , 1.49(dd, 1H, 
4 J=13.2Hz & J =3 . 2Hz , H-4 ' ) , 1.28(m, 1H , H-9') . 
. w 
171.98(-f02Me) , -164(C12CHf02-)' 148. 22(C-7a) , 119.95(C-7), 
111 . 69(sup ., C-5), 80 . 97(in, C-3), 67.01 (in , C-8), 64.38 & 
63 . 96(out, 0fH2fH20) , 64.24(in , C12CH-), 52 . 30(in , C02fH3), 
49 . 76(sup ., C-3a), 48 . 65(in , C-6#), 44.62(out , C-4#), 44 . 09(in, 
# # (C-2#) . C-1 ), 37 . 20(out , C-9 ) , 34 . 83 out , 
406(1%, M+), 347(1), 279(5) , 246(3),219(1), 175(9) ,133(13), 
115(6) , 86(100). 
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* * * * * (iii) (1-R , 3-R , 3a-R ,6-R ,8-R )-Methyl 3-dichloroacetoxy-S,S-
ethylenedioxy-1,2,3,4,S,6-hexahydro-8-[(2-hydroxyethyl)oxY ]-3a ,6 -ethano-
3aH-indene-1-carboxylate 80, as a colourless viscous oil (46mg, 16%). 
Rf 0.31 (7S% EtOAc in hexane ) . 
1H NMR 6 . 03(dd , 1H , J=2.0 & 6.4Hz, H-7), S.97(s, 1H, C1 2CH-), S.34 (t , 
1H, J=4 . 8Hz, H-3) , 4.11(bm, 1H, H-8), 3.89 (bs, 4H, OC~2C~20), 
3 .80overlapping(m, 1H, H-1), 3.74(s, 3H, -C02CH 3) , 3.70(m , 2H, 
-OCH2C~20H), 3.S0(m, 2H, -OC~2CH20H), 3.00(dd , 1H , J=2.9 & 
6 . 4Hz, H-6 ) , 2.S3(m, 1H, H-2' ) , 2.23(m, 1H, H-2), 2. 00(dd, 1H, 
J=8.3 & 13 . 4Hz, H-9), 1.86(d, 1H, J=13 . 2Hz, H-4), l.S1(dd, 1H, 
4 J=13.2Hz & J =3.2Hz, H-4'), 1.32(m, 1H, H-9'). 
w 
When the above reaction was repeated under similar conditions but for a 
shorter period of time (2 hours) , the formation of 80 was not observed. 18 
and 19 were produced only , in the ratio of 3. S:6 . S (91% yield ) . 
A t 1 · t · f th h d k t 16 ' h d ' 1 t· 210 ce a lsa lon 0 e y roxy e one Vla an exc ange lOXO ana lon 
A mixture of the hydroxy ketone 16 (12mg , 33~mol) , 2-methyl-2-ethyl-
1 , 3-dioxolane (100~L) and a crystal of E-toluenesulfonic acid in benzene 
(O . S mL) was stirred under nitrogen at room temperature for 4 hours. The 
reaction was quenched with a few drops of aqueous 10% sodium hydrogen 
carbonate solution, diluted with ethyl acetate , separated from the aqueous 
phase and dried. After filtering through a plug of Florisil, the solvent 
was removed to afford an oil (12mg, -100% ) . Analysis of the proton NMR 
spectrum revealed a mixture of 18 and 19 in the ratio of 6 : 4. 
Acetalisation of the hydroxy ketone 16 via the Noyori ' s method 142 
A mixture of the hydroxy ketone 16 (70mg, 0.19mmol) and 1,2-
bis(trimethylsilyloxy)ethane (62mg, 13~L , 0.3mmol) in dry dichloromethane 
(3mL ) was treated with catal ytic amount of trimethylsilyltrifluoro-
methanesulfonate (S~L) at O°C. The resulting solution was then stirred at 
SOC for 18 hours for completion of reaction . The reaction mixture was 
177 
quenched with a few drops of pyridine and diluted with ethyl acetate, 
washed with water then brine, and dried. Evaporation of the solvent 
yielded a yellow oil which was washed through a plug of silica gel with 
ethyl acetate, to afford, after solvent removal, a colourless oil (58mg, 
74%) . The proton NMR indicated a mixture of 78 and 79 in the ratio of 1 :1. 
87 
. * * * * * (1-R ,3-R -3a-R ,6-R ,8-R )-Methyl 3-dichloroacetoxy-5,5-ethylenedioxy-
1 ,2,3,4,5,6-hexahydro-8-[(methoxymethyl )oxy]-3a ,6-ethano-3aH-indene-1-
carboxylate 87 
To a solution of the alcohol 79 (50mg, 0.12mmol) , DMAP (-5mg) and N,N-
diisopropylethylamine (59mg, 79~L, 0.45mmol) in dry dichloromethane (2mL) , 
was added chloromethyl methyl ether (30mg, 29~L, 0 . 38mmol). The mixture 
was stirred, under an atmosphere of nitrogen, at ambient temperature for 22 
hours. The reaction mixture was diluted with ethyl actate and washed with 
aqueous 10% sodium hydrogen carbonate solution then brine. After drying, 
the solvent was evaporated to afford analytically pure 87 as a colourless 
oil (50mg, 90%). 
Rf 
1 H NMR 
0.66 (75% EtOAc in hexane). 
6.07(dd, 1H, J=2 . 2 & 6. 4Hz, H-7), 5.95(s, 1H, C1 2CH-) , 5.34(t, 
1H, J=5 . 0Hz, H-3), 4.63(s, 2H , oC~20Me), 4.32(bm, 1H, H-8), 
3.88(bs, 4H, OC~2C~20), 3.84overlapping(m, 1H, H-1), 3 . 74(s , 3H , 
-C0
2
CH
3
), 3 . 34(s, 3H, -OCH3), 3 . 01(dd, 1H, J=3.2 & 6.4Hz, H-6), 
2.53(m , 1H, H-2'), 2.23(m, 1H, H-2), 2 .05 (dd, 1H, J=8 . 3 & 
13.2Hz, H-9), 1.85(d, 1 H, J=12 . 9Hz , H-4), 1.51 (dd , J=12.9Hz & 
17 8 
4 Jw=3 . 4HZ , H-4 ' ) , 1.38(m , 1H , H-9 ) . 
-172.5(-~02Me) , -164 , 5(C12CH~02-) ' 146 . 93(C-7a), 120 . 62(C-7) , 
111.75(sup ., C-5 ) , 95 . 57(out , OCH 20) , 81.29(in , C-3), 73 . 11(in, 
C-8) , 64 . 41 & 64 . 03(out , O~H2~H20) , 64 , 27(in , C12~H-) , 55.42(in , 
- OCH3) , 52 . 24(in , - C02~H3) ' 49.35(sup ., C- 3a) , 46 . 43(in , C-6#) , 
44 . 56over lapping(in , C- 1#) , 44 . 56overlapping(out . C-4#) , 
34 . 92(out , C-9#) , 34 . 72(out , C-2#) . 
* * * * (1-R , 3a- R ,6- R ,8-R )-Methyl 5 , 5-ethylenedioxy-1 , 2, 3 , 4, 5 , 6-hexahydro-8-
[(methoxymethyl)oxy] - 3-oxo-3a,6-ethano-3aH-indene- 1- carboxylate 89 
The dichloroacetate 87 (29mg , 64~mol) in a methanol/water/triethylamine 
mixture (0 . 7mL/0 . 2mL/0 . 1mL) was stirred at OOC for 5 minutes . The reaction 
mixture was then extracted into ethyl acetate . The organic extract was 
* * * * * dried an d concentrated to yield (1-R , 3-R ,3a-R , 6-R , 8-R )-Methyl 5 , 5-
ethylenedioxy-1,2 , 3, 4,5 , 6-hexahydro-3-hydroxy-8-[(methoxymethyl)oxy]-3a,6-
ethano-3aH-indene-1-carboxylate, the alcohol 88 as a viscous oil (-100%) . 
0 . 26 (75% EtOAc in hexane) . 
5 . 96(dd , 1H , J=2 . 9 & 6 . 1Hz , H- 7) , 4. 64(s , 2H, OCH 20) , 4. 27(m , 
1H, H-3) , 4. 14(m , 1H , H-8) , 3. 88(bm, 4H, OC!:!2C!:!20) , 3 . 81(m , 1H , 
H-1) , 3 . 70(s , 3H , -C02CH 3) , 3.36 (s, 3H , -OCH 3), 2 . 99(dd , 1H , 
J=2 . 9 & 6 . 1Hz , H-6) , 2 . 46-1 . 28(e , 7H, 3xCH2 & OH) . 
Without purification, the alcohol 88 (-64~mol) in dry dichloromethane 
(2mL) was s tirred with pyridini um dichromate (48mg , 0 . 13mmol) at ambient 
temperature for 12 hours . The resulting dark brown suspension was diluted 
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with ethyl acetate and fi ltered through a pad of celite . A pale yellow oil 
was obtained on removal of the solvent, which was purified by flash 
chromatography (75% ethyl acetate in hexane) to provide the ketone 89 as a 
colourless syrup (17mg, 78% overall yield from 87 ) . 
Rf 
1 H NMR 
0.61 (7 5% EtOAc in hexane) . 
6.24 (dd , 1H, J=2.2 & 6. 4Hz , H-7), 4. 61(s , 2H , OCH 20 ) , 4.37(bm, 
1H, H-8), 3.900verlapping(m, 1H , H-1), 3 . 87(bs , 4H, OC~2C~20) , 
3. 75(s , 3H , -C02CH 3) , 3. 34(s , 3H , -OCH3) , 3. 09(dd , 1H , J=3 . 2 & 
6.4Hz, H-6), 2.98 & 2 . 78(AB-part of ABX, 2H, J
AX
=5.1HZ, 
JBX=9~3HZ, J AB=18.8HZ , H-2a,S) , 2. 29(dd, 1H, J=8 . 1 & 13.2Hz, 
H-9), 1.81(d , 1H , J=13.2Hz, H-4), 1.50(dd, 1H , J=13 . 2Hz , 
4 J =3 . 4Hz , H-4'), 1. 21(m , 1H , H-9') . w 
216 . 34(C-3) , 172 . 36( -~02Me) , 144.07(C-7a), 123 . 02(C -7 ) , 
111.48 (s up., C-5) , 95 . 63(out, OCH20) , 72.18(in, C-8) , 64 . 47 & 
II . II 64 . 03(out, O~H2~H20) , 55.48(in , - OCH 3 ) , 52.59(ln, - C02~H3 ) , 
II II . 50 . 66(sup ., C-3a), 47.24(in , C-6) , 41.84(out, C-2 ) , 41 . 67(ln , 
C-1") , 41.40(out, C- 4") , 37 . 20(out , C-9 1 ) . 
CHAPTER 3 
o 
~--.f"" 
* * 
HO 
• 
TBDMSO/ 
HO 
• 
o 
• 
TBDMSO/ 
(1-R ,3a-S )-Methyl 1-{[(tert-butyldimethylsilyl)oxy]methyl}-5,5-
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94 
ethylenedioxy-2 , 3,3a,4 ,5, 6,-hexahydro-3a-(3-methyl-2-butenyl)-1H-indene-3-
one 94 
A solution of the keto ester 64 (150mg , 0 . 47mmol) in ether (15mL) was 
cooled to O°C then treated with lithium aluminum hydride (50mg, 1. 3mmol). 
The mixture was stirred for 30 minutes then quenched with excess ethyl 
acetate (10mL) and stirred for a further 15 minutes. The resulting 
suspens ion was diluted with more ethyl acetate, filtered and dried. 
Evaporation of the solvent afforded the diol as a viscous oil (-100%). 
1H NMR 5 .58 (m , 1H, H-7), 5 . 30(bt , 1H , HC= <), 4.00-3 . 92(e, 5H , H-3 & 
OC~2C~20) , 3.69(m, 2H , -C~20H), 2. 82(bm, 1H, H-1), 2. 38-1 . 60(e, 
10H, 4xCH 2 & 2xOH) , 1.71 & 1.64[both discernible 's, 3H each, 
>=C(CH3 )2] ' 
Without purification, the cr ude diol (0 .47mmol) was dissolved in a 
mixture of dichloromethane (5mL) and N,N-diisopropylethylamine (0 . 5mL) , 
then treated wi th TBDMS chloride (150mg, 1.0mmol). The mixture was stirred 
at ambi ent temperature for 30 hours. The resulting solution was diluted 
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with ethyl acetate/hexane (1 :1) and washed successively with saturated 
aqueous sodium hydrogen carbonate solution , water and brine . After drying, 
the solvent was removed to give an orange oil . Flash chromatography 
afforded the alcohol as a colourless syrup (167mg, 87%) . 
1H NMR 5.46(m , 1H, H-7), 5 . 30(bt , 1H, HC= <) , 4.00-3 . 92(e , 5H, H-3 & 
OC~2C~20) , 3. 75 & 3. 45(AB-part of ABX, 2H , J AX =5 . 5HZ, J BX =7.3HZ , 
J AB =9 . 7HZ , -C~20TBDMS) , 2. 80(bm, ~H , H-1) , 2. 42-1 . 63(e , 9H, 
4xCH 2 & OH) , 1. 71 & 1. 67[both discernible s, 3H each , 
>=C(CH3)2J , 0 . 88[s, 9H , -SiC(CH3)3J , 0 . 04[s, 6H , -Si(CH 3)2 J . 
A mixture of the alcohol (167mg, 0 . 4mmol) and pyridinium dichromate 
(230mg, 0 . 61mmol) in dichloromethane (5mL) was stirred overnight at ambient 
temperature . The resulting brown suspension was diluted with ethyl acetate 
(20mL) and stirred vigorously for 5 minutes, then filtered through a pad of 
silica gel . Evaporation of the solvent yielded the ketone 94 as a 
colourless powder (125mg , 75%) . 
m.p . 42 . 5-43 . 0°C . 
Rf 
IR 
~ H NMR 
0.45 (20% EtOAe in hexane) . 
-1 1740(s , eyelopentanone C=O) em . 
5 . 62(m, 1H , H-7) , 5 . 06(bt , 1H, HC= <) , 3 . 99-3 . 86(m, 4H, OC~2C~20, 
and 1H , -CH20TBDMS) , 3.63(dd , 1H, J=7 . 1 & 9.8Hz, -CH 20TBDMS) , 
3.13(bm , 1H , H-1), 2.80-1.74(e, 8H, 4xCH 2), 1.71 & 1.60[both s, 
3H each , =C(CH3)2J , 0 . 89[s , 9H , -SiC(CH3 )3J , 0 . 06[s , 6H , -
Si(CH3) 2] · 
13C NMR 215 . 78(C-3) , 142 . 20(C-7a), 135.05(=C<) , 118.49(HC=<) , 117 . 26 
(C-7) , 108 . 65(sup ., C-5), 64.71 & 64 . 62(out , 0~H2~H20) , 
II 63 . 83(out, -~H20TBDMS) , 55 . 92(sup ., C-3a) , 41.55(out , C-2 ), 
II II 39 . 30(in , C-1) , 35 . 68(out , C-6 ) , 34 . 08(out , C-4 ), 33 . 67(out, 
vinyl CH2
11 ) , 25.99(in , trans =C~H3) ' 25 . 84[in , -SiC(~H3)3J, 
18 . 22(sup ., -Si~Me3) ' 17.99(in , cis =C~H3) ' -5 . 34[i n, Si(~H3)2J· 
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+ MS 406(M , 4%) , 391(2), 349(11) , 338(100) , 237(86) , 219(8), 193 ( 16), 
HRMS 
145(29) , 87(62),73(96). 
Cal cd . 
Found . 
a 
TBDMsa / 
* * 
requires 406 . 2534 
C67 . 94; 
C 67.96; 
94 
H 9.42 
H 9 . 29 
found 406 . 2539 
Eta 
-
TBDMsa/ 
(l-R ,2-~,3a-R )-1-{[(tert-Butyldimethylsilyl)oxy}methyl]-2-
95 
[(ethoxycarbonyl)methyl] - 5,5- ethylenedioxy-2 , 3, 3a , 4,5 , 6-hexahydro-3a-(3-
methyl-2-butenyl)-lH-indene-3-one 95 
A solution of 1,10-phenanthroline (trace) and diisopropylamine (26mg , 
37~L , 0 . 26mmol) in THF (1 . 0mL) was cooled to -60°C , under nitrogen , then 
treated with n-butyllithium (163~L of a 1.6M solution in hexane, 0 . 26mmol) . 
The rusty brown solution was stirred for 30 minutes then added dropwise a 
solution of the dienone 94 ( 53mg , 0.13mmol) in THF (lmL) . After stirring 
for one hour , freshly distilled ethyl bromoacetate (33mg, 22~L , O.2mmol) 
was added and the mixture stirred at -60°C for one hour then allowed to 
warm up to O°C over 4 hours . The reaction mixture was quenched with water 
and extracted into ether . The organic extract was washed sequentially with 
water and brine then dried . Evaporation of the solvent afforded an oil 
which was flash chromatographed (20% ether in pentane) to give, in order of 
elution , 
(i) the unchanged ketone 94 (35mg , 66%) and , 
183 
(ii) the Y-keto ester 95 (12mg, 19%) as an inseparable 2:3 diastereomeric 
mixture, 
Rf 
IR 
1 H NMR 
MS 
HRMS 
0 . 38 (20% ether in pentane) . 
1740(sh , cyclopentanone C=O) , 1735(s, methyl ester C=O) cm- 1 
5 . 78-5.51Cm, 1H, H-7), 5 . 15-4 . 98(m, 1H, HC= <) , 4.14(q , 2H, 
J=7 . 1Hz, -C02C~2CH3)' 4.04-3 . 70(m, 6H, OC~2C~20 & C~20TBDMS), 
3.30(bm, 1H , H-1) , 2 . 90-1.75(e , 9H, H-2 & 4xCH 2), 1.70 & 
1 . 59[both s , 3H each, =C(CH 3)2]' 1. 25(t , 3H, J=7.1Hz , 
-C02CH2C~3) ' 0 . 89 & 0 . 87[both s , 9H together, -SiC(CH 3)3] ' 
0.06[s , 2.4H, -Si(CH3)2] ' 0. 05 & 0 . 03[both s, 1.8H each, 
- S iC CH 3 ) 2 ] . 
+ 492«1% , M ) , 447(9 ) , 435(20) , 424(47) , 378(27), 338(23) , 
145(19),87(46),86(32),73(100) , 69(65). 
requires 492 . 2907 found 492 . 2908 
O~OMe ___ .. OMe 
33 
2 , 3-Dihydro-5-methoxy-2-[(1-~,2-~)-(1-methyl-2-nitro-2-phenylthio)ethyl]-
lH-indene-3-one 98 
To a solution of diisopropylamine (24mg, 33~L , 0.23mmol) and 1, 10-
phenanthr oline (trace) in THF (1mL) , cooled to -40°C , was added n-
butyllithium (146~L of a 1.6M solution in hexane , 0.23mmol) and the mixture 
stirred for 25 minutes . A solution of the indanone 33 (31mg, 0 . 19mmol) in 
THF (0.5mL) was added and the mixture was stirred for 35 minutes allowing 
the temperature to gradually rise from -45°C to -30°C, then stirred at room 
temperature for a f ur t her 25 minutes . After cooling down to -70°C , a 
184 
solution of the nitro olefin 97 (19mg, 97~mol) in THF (O.SmL) was added. 
The reaction mixture was allowed to warm up to -SoC over 3. S hours then 
quenched with acetic acid (SO~L) . Extracted into dichloromethane, washed 
with water and brine sequentially, then dried . Evaporation of the solvent 
gave an orange oil which was flash chromatographed (SO% dichloromethane in 
pentane) to provide, in order of elution , 
(i) One of the four possible diastereomeric 98 (Smg, 14% based on the 
nitro olefin 97 ) , 
Rf 
1 H NMR 
0.4S (SO% dichloromethane in pentane). 
7.S9-7.17(m, BH, -SC6HS & Ar . H-4 , 6 & 7) , 6.31(d, 1H, J=11.2Hz, 
>CHN02 ) , 3. B4(s, 3H, ArOCH 3) , 3.S9(m, 1H, W1/2=11 .S Hz, H-2), 
3 . 39 & 2.B2(AB-part of ABX, 2H, J AX =B.3HZ, J BX =3 . 9Hz, 
J AB =17.1Hz, H-1a,a), 2. 6S(m, 1H, >C!:!.Me) , 0.B9(d, 3H, J=6.BHz, 
-CH3)~ 
(ii) A mixture of two of the four possible diastereomeric 98 (2Smg , 72% 
based on the nitro olefin 97 ), 
Rf 
1 H NMR 
0.26 oblong (SO% dichloromethane in pentane) . 
7 .S B-7.19(m, BH, -SC6HS & Ar~H-4, 6 & 7), S. 96 and S.S2(both d, 
O. SH each, J=7 . 6Hz and J=9 . SHz respectively, >CHN02) , 3.BS and 
3.B4(both s, 1. SH each, ArOCH 3), 3.40-2.BS(m , 4H, H-1a,a, H-2 & 
>C!:!.Me) , 1.0B and 0.90(both d, 1.SH each, both J=6 . BHz, -CH3). 
OMe 
.. 
OMe OMe 
OHC + NC 
2,3-Dihydro-S-methoxy-2-[(1-~)-1-oxoethylJ-1H-indene-3-one 100 and 
185 
2-[(1-~)-1-cyanoethYlJ-2,3-dihYdro-5-methoxY-1H-indene-3-one 101 
Sodium methoxide was freshly prepared by dissolving a small piece of 
sodium metal (-10mg) in dry methanol (1mL) . The methanolic methoxide 
solution (0 . 5mL) was transferred to the nitro ketone 98 (25mg , 70~mol) and 
stirred at room temperature, under nitrogen, for 30 minutes. Aqueous 
ammonium acetate solution (0 . 34mL of a 5M solution, 1.68mmol) was then 
added, followed by dropwise addition of a 30% w/v aqueous titanium 
trichloride solution (0.15mL, 0.28mmol). The resulting dark green colour 
disappeared after one hour to give a beige coloured suspension which was 
extracted with ether . The ethereal extract was washed successively with 
saturated aqueous sodium hydrogen carbonate solution, water and brine. 
After drying, ·the solvent was removed to afford an oil which was 
chromatographed (MPLC 25% ethyl acetate in hexane) to give , in order of 
elution, 
(i) an 
101 , 
Rf 
IR 
1 H NMR 
MS 
HRMS 
approximately 1:2 inseparable mixture of diastereomeric 100 and 
0 . 35 (25% EtOAc in hexane) . 
2240(m, C=N) , 1710(s), 1702(sh) -1 cm 
9.81(s, 0 . 4H, -CHO), 7 . 44-7.18(m, 3H, Ar.H-4, 6 & 7) , 3 . 84(s , 
3H, ArOCH3), 3.44-2.70(e, 4H, H-1u,e, H-2 & >C!::!.Me), 1.19(d, 
2.0H, J=7 . 0Hz, -CH 3) , 1.02(d, 1.0H, J=7.0Hz, -CH 3) . 
+ + 218«1%, C13H1403 M ) , 215(35% , C13H13N02 M ) , 200(5) , 161(100), 
57(20) . 
requires 218 . 0942 found 218 .0943 
C13H13N02 requires 215 . 0945 found 215 .0946 
(ii) an approximately 1:3 inseparable mixture of diastereomeric 100 and 
0 . 29 (25% EtOAc in hexane) . 
1 H NMR 
MS 
o 
186 
9.66(s, 0.25H, -CHO), 7.42-7.21(m, 3H , Ar.H-4, 6 & 7) , 3. 84(s, 
3H, ArOCH3), 3.44-2 .75(e, 4H , H-1a,a, H-2 & >C~Me) , 1.51(d, 
2 . 25H, J=7.3Hz, -CH 3), 1.28(d, 0.75H, J=7 . 0Hz , -CH 3) . 
215(42%, C13H13N02 M+) , 190(34) , 161(86) , 57(100) . 
OMe TBDMSO OMe 
Methyl 3-[(tert-butyldimethylsilyl)oxyJ-5-methoxy-1H-indene-1-carboxylate 
112 
A mixture of the indanone ester 90 (65mg , 0.3mmol) and N, N-
diisopropylethylamine (0 .1 9g , 0.25mL, 1.5mmol) in dichloromethane (1mL) , 
was cooled to O°C, and treated with TBDMS trifluoromethanesulfonate (0 . 12g, 
O. lmL , 0 .45mmol) under nitrogen . After stirring for 10 minutes, the 
reaction mixture was quenched with aqueous 10% sodium hydrogen carbonate 
solution, diluted with ethyl acetate/hexane (1 :5) and washed sequentially 
with water and brine. After drying and evaporation of the solvent, a 
yellow oil was obtained. Flash chromatography (10% ethyl acetate in hexane 
and a trace of triethylamine) of the oil afforded the TBDMS enol ether 112 
as a pale yellow oil (92mg , 93%). 
Rf 
1H NMR 
0.40 (10% EtOAc in hexane with a trace of Et3N): 
7.42(d, 1H, J=8.1Hz, Ar.H-7)' 6 . 89(d , 1H , J=2.4Hz, Ar.H-4), 
6.79(dd, 1H, J=2.4 & 8.1Hz , Ar.H-6), 5.44(d, 1H, J=2.2Hz, H-2), 
4.28(d, 1H, J=2 . 2Hz , H-1), 3 . 83(s , 3H , ArOC~3)' 3. 69(s , 3H , 
-C02CH 3
) , 1.02[s , 9H, -SiC(CH3)3J, 0 . 28 & 0 . 26[both s, 3H each , 
-Si(CH3) 2J · 
187 
172 . 07( -~02Me) , 159.92(C-5") , 155 . 25(C-3 11 ) , 142 .99(C- 3/) , 
131.75(C-7a" ) , 124.77(C-7#) , 111.89(C-4"), 106.17(C-2") , 
104.47(C-6") , 55 . 57(i n, ArO~H3) ' 52 . 30(in, -C02~H3)' 50.11(in, 
C-1) , 25 . 72[in , -SiC(~H3)3J, 18 . 37(sup., -Si~Me3)' -4.53 & 
-4.70(in, -Si(CH 3)2 J . 
+ 334(13% , M ) , 319(2) , 277(15) , 275(9), 177(17) , 149(100), MS 
121(42). 
0tJQroMe ___ .. 
EtO 
OMe 
33 
2-[(1-~)-1-EthoxyethylJ-2 , 3-dihydro-5-methoxy - 1H-indene-3-one 114 
A solution of the indanone 33 (33mg , 0 . 2mmol) and N, N-
diisopropylethylamine (34mg , 46~L , 0 . 26mmol) in dichloromethane (1mL) , 
under nitrogen, was cooled to O°C . TMS trifluoromethanesulfonate (59mg, 
51~L, 0 . 26mmol) was added and the mixture was stirred for 10 minutes . The 
reaction mixture was then cooled to -78°C and treated sequentially with 
acetaldehyde diethylacetal (31mg , 38~L , 0 . 26mmol) and more TMS 
trifluoromethanesulfonate (10~L). The solution was stirred at -78°C for 4 
hours and then allowed to warm up gradually to room temperature overnight . 
The reaction was quenched with a small amount of saturated aqueous sodium 
hydrogen carbonate solution and extracted into dichloromethane. The 
extract was dried and concentrated to yield a n oil , which was flash 
chromatographed (25% ethyl acetate in hexane) to afford , in or der of 
elution , 
(i) an i nseparable 2 :1 diastereomeric mixture of 114 as a colourless 
viscous oil (28mg , 59%), 
188 
Rf 0 . 56 (25% EtOAc in hexane) . 
1 H NMR 7.39-7 . 16(m, 3H, Ar . H-4 , 6 & 7) , 4.21-4 . 07(m, >C!::!.OE t) , 3 . 83(s , 
3H , ArOCH 3) , 3.61-2.63(e, 5H , H-1a,8 . H- 2 & CH3C!::!.20-). 1. 31 and 
0. 97(both d. 2H and 1H respectively. >CHCH ) . 1. 21 and 1. 00( both 
. - 3 
MS 
t . 1H and 2H respectively, both J=7.1Hz. CH CH 0-) . 
- 3 2 
+ 234(8% . M ).219(1) . 188 ( 63) . 173(25).161 (15) .145 (29) . 
73(100) . 45(75). 
(ii) The unchanged indanone 33 ( 12mg. 36%) . 
TBDMSO OMe 
TBDM:::;~OMe H \ ~ 
-
C02Me 116 a 
.. 
116 b 
Cyclopropanation the TBDMS enol ether 112 
To a mixture of the TBDMS enol ether 11 2 (91mg . 027mmol) and rhodium 
diacetate (-1mg) in dichloromethane (2 mL) was added with dropwise addition 
of ethyl diazoacetate (62mg . 57~L. 0 . 54mmol) over one hour . The resulting 
orange solution was diluted with di chloromethane and filtered through a 
plug of Florisil. Evaporation of the solvent gave a redoil which was flash 
chromatographed (10% ethyl acetate/hexane) to afford . in ord er of elution. 
(i) the unchanged TBDMS enol ether 11 2 (46mg. 50%) , 
(ii) the a mixture of the diastereomeic cyclopropyl carboxylate 166a (exo) 
and 116b (endo) . A small amount of each isomer were isolated and 
189 
characterised spectroscopically. 
* * * (1-R , 1a-S , 6-S )-Ethyl 1a-[(tert-butyldimethylsilyl)oxy]-1,1a,6 , 6a-
tetrahydro-3-methoxy-6-methoxycarbonyl-cycloprop[a]indene-1-carboxylate 
166a 
Rf 
IR 
~ H NMR 
MS 
3.50 
1730(s) 
(10% EtOAc in hexane) . 
-1 
cm 
7 . 24(d , 1H , J=8 . 3Hz, Ar.H) , 7.00(d, 1H, J=2 . 4Hz, Ar.H), 6.76(dd , 
1H , J=2 . 4 8.3Hz, Ar.H ) , 4.15(q, 2H , J=7.0Hz , -C02CH 2), 3. 80(s , 
# # 3H, ArOCH 3 ) , 3 . 74(s, 3H, -C02CH 3 ) , 3 . 72(obscured, 1H, H-6), 
3. 18(d , 1H, 3. 9Hz, H-1) , 1.47(d, 1H, 3. 9Hz , H-6a) , 1.28(t, 1H, 
7.0Hz, -C02CH2C~3) ' 0.92[s , 9H, -SiC(CH 3)3]' 0.17[s, 6H, 
-Si (CH 3) 2] . 
# # # # 171.84(-f02Me ) , 167 . 98(-f02Et ), 159 . 92(C-3 ), 147 . 46(C-1b ) , 
126 . 52(C-5#), 114 . 14(C-2#), 108.07(C-4#), 72 . 18(sup ., C-1a), 
60 . 71(out, -C02fH3#), 55 . 45(in, ArOfH3#)' 52.12(in, -C02fH3#), 
50 . 43(in , c-1) , 36 .4 4(in , C-6) , 25 . 61[in , -SiC(fH3)3 & C-6a], 
17 . 96(sup ., -Si~Me3) ' 14.40(in, -C02CH2fH3)' -4.09 & -4.53[in, 
-SiCCH 3)2] ' 
420(16%, M+) , 405(3), 388(17) , 363(50) , 360(77) , 347(70), 
289(13),73(100) , 59(9),45(2). 
HRMS C22H3206Si requires 420 . 1968 found 420 . 1968 
* * * (1-R ,1 a-R ,6-R ) isomer 116b 
1 H NMR 7 . 28(d , 1H, J=8 . 3Hz, Ar . H), 6 . 94(d, 1H , J=2 . 4Hz, Ar . H) , 6 . 78(dd, 
1H , J=2.4 & 8. 3Hz, Ar.H), 3. 85(q , 2H , J=7.1Hz , -C0 2CH 2), 3. 79(s , 
# # 4H, H-6 & ArOCH
3 
) , 3.75(S , 3H , -C02CH 3 ) , 2 . 85(d, 1H, J=9 . 0Hz, 
H-1) , 2. 45(d , 1H , J=9.0Hz, H-6a) , 0 . 98(t, 3H , J=7 . 1Hz, 
-C02CH2C~3) ' 0 . 92[s , 9H, -SiC (CH 3)3] ' 0 . 07[s , 6H , -Si(CH 3)2]' 
(iii) a mixture of diethyl fumarate and diethyl maleate . 
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TBDMSO ,,:4 OMe ___ .. _H'\~ 
OMe 
EtO 
-
C02Me 116 119 
* * (1-R ,2-R )-Methyl 2-[(ethoxycarbonyl)methyl]-2,3-dihydro-5-methoxy-3-oxo-
1H- indene-1-carboxylate 119 
A mixture of the cyclopropyl ether 116 (11mg , 26~mol) and zinc bromide 
(6mg, 26~mol) 1n dry ether (1mL), was stirred under nitrogen overnight at 
ambient temperature . After removal of the solvent, the resulting oil was 
eluted through a plug of silica gel with 50% ethyl acetate i n hexane . 
Evaporation of the solvent gave 119 as a colourless syrup (8mg , 100%) . 
Rf 
IR 
1 H NMR 
MS 
HRMS 
0 . 31 (30% EtOAc in hexane) . 
1735(sh), 1720(s) -1 cm 
7 . 55(dd , 1H , J=1.0 & 9.3Hz, Ar . H-7) , 7 . 25-7 . 19(m, 2H , Ar . H-4 & 
6), 4. 10(q, 2H , J=7.1Hz, -C02C~2CH3)' 4.07overlapping(1H , H-1), 
II II 3 . 85(s , 3H , ArOC~3 ) , 3. 82(s, 3H , -C02C~3 ) , 3 . 38(dt , 1H, J=4 . 6 
& 7 .1Hz, H-2) , 2 . 99 & 2.86(AB-part of ABX, 2H , J AX =4.6HZ , 
JBX=7.~HZ and J AB =17 . 1Hz, -C~2C02Et), 1.20 (t , 3H , J=7 . 1Hz , 
-C02CH2C~3)' 
203 . 87(C-3) , II II 172 . 30(-~02Me ) , 171.43(-~02Et ) , 160 . 51(sup ., 
/I 1/. 142 . 40(sup ., C-3a ) , 137 . 03(sup ., C-7a ) , 126 . 93(ln , 
/I If. II C-7 ) , 124.21(in, C-6 ) , 105.53(ln , C-4 ) , 60 . 91(out , C02~H2Me) , 
55.71(in, ArO~H3) ' 52 . 59(in , -C02~H3) ' 49.38(in, C-2) , 47.71(in, 
C-1), 34 .02(out , -~H2C02Et) , 14.07(in, -C02CH2~H3) ' 
306(13% , M+), 274(45) , 260(10) , 246(53) , 232(59) , 218(54) , 
173 ( 50) , 1 61( 1 00) . 
requires 306 . 1103 found 306 .11 03 
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OMe OMe 
.. 
EtO EtO 
-
119 -C02Me C02Me ) 
OMe OMe 
... 0 + 
EtO 
-
- 127 .:: C02Me C02Me 125 
Allylation and Lactonisation of the Y-keto ester 119 
A solution of the Y-keto ester 119 (8mg , 26~mol) in dry THF (1mL) was 
cooled to -78 oC under nitrogen and treated with triallylalane etherate 
(0.17mL, of a 0.3M solution in hexane, 52~mol) . The mixture was stirred 
for 5 minutes , then quenched with saturated aqueous ammonium chloride 
solution and allowed to warm up to room temperature . After extraction with 
ethyl acetate/hexane (3:1), the extract was dried and concentrated to 
afford a viscous oil (8mg). Without further purification, the resulting 
oil was dissolved in a mixture of methanol (0.5mL) and triethylamine 
(50~L). After stirring for 30 minutes at ambient temperature, the solvent 
was evaporated and the residue was filtered through a plug of silica gel , 
eluting with 50% ethyl acetate in hexane. A syrup (7mg, 91%) was obtained 
on evaporation of the solvent , which consisted of a 3:1 mixture of 127 and 
125. Flash chromatogrghy (50% ethyl acetate in hexane) of the mixture 
afforded, in order of elution , 
* * * (i) (1-R , 2-R ,3-R )-Methyl 2-[(ethoxycarbonyl)methyl]-2,3-dihydro-3-
hydroxy-5-methoxy-3-(2-propenyl)-1H-indene-1-carboxylate 125 
0.70 (50% EtOAc in hexane). 
1 H NMR 
(ii ) 
192 
7 . 20-6.81(m , 3H , Ar . H- 4, 6 & 7) , 5 . 60(m , lH , ~C=CH2 ) ' 5 . 10 & 
5 . 02(bs & bd respectively , lH each , HC=C~2) ' 4. 19 (q , 2H , 
J=7.1Hz , -C02C~2CH3) ' 3. 82overlapping(m , lH , H-l) , 3. 81(s, 3H, 
# # ArOC~3 ), 3~78(s, 3H , - C02CH 3 ) , 3. 20-2 . 30(e , 6H, H-2 , vinyl 
CH2 , -C~2C02Et & OH), 1.30(t , 3H , J=7 . 1Hz, -C02CH2C~3)' 
* * * (3a-R , 4-R ,8b - S )-Methyl 3, 3a , 4,8b-tetrahydro-7-methoxy-2-oxo-8b-(2-
propenyl)-2H-indeno[1 , 2-b]furan-4-carboxylate 127 
Rf 
IR 
1 H NMR 
MS 
0 . 62 (50% EtOAc in hexane) . 
- 1 1766( s, Y-lactone C=O) , 1738(s , methyl ester C=O) cm 
7 . 35-6 . 93(m, 3H, Ar . H-5 , 6 & 8), 5 . 86(m , lH , ~C=CH2 ) ' 5. 55 & 
5 . 24(bd & bs respectively, lH each , HC=C~2 ) ' 3.87(d , lH , 
# J=2 . 9Hz , H-4) , 3.82 (s, 3H, ArOC~3 ) , 3.75(s, 
3. 53(m , lH, H-3a) , 3. 07-2.37 (e, 4H , H-3a , a & 
# 3H, - C02CH 3 ) , 
C~2CH=CH2) . 
+ 302(7% , M ) , 261(35), 233(51) , 201 (23) , 173 ( 100) , 59(3 ) . 
HRMS C17H1805 requires 302 . 1154 found 302 . 1154 
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CHAPTER 4 
HO DCA0'cE5r0 . 
~~2Me DCAo~I+J- DCAo~J-
~ + ~p 
; ; OH 
C02Me 129 C02Me 130 
Acetalisation of the hydroxy ketone 76 
A 7:1 endo/exo mixture of the hydroxy ketone 76 (0.29g, O.Bmmol) was 
diluted in a mixture of 1 , 3-bis(trimethylsilyloxy)-2,2-dimethylpropane 
(0 . 25g , 0.25mL, 1.2mmol) and dichloromethane (5mL), and cooled to -20°C 
under nitrogen. TMS-trifluoromethanesulfonate (10vL) was added and the 
mixture was allowed to warm up to -5°C over 45 minutes. The reaction 
mixture was quenched with wet pyridine (0.1mL) and warmed up to OOC, then 
diluted with ethyl acetate/hexane (1 :1) and washed with water then brine. 
After drying and evaporation of the solvent, the resulting syrup was flash 
chromatographed (50% ethyl acetate/hexane) to afford, in order of elution, 
* * * * * (i) (1-R ,3-R ,3a-R ,6-R ,B-s )-Methyl 3-dichloroacetoxy-5,5-(2,2-
dimethyl-1,3-propylenedioxy)-1,2,3,4,5,6-hexahydro-B-hydroxy-3a,6-ethano-
3aH-indene-1-carboxylate 129 as a colourless crystalline solid (276mg, 
77%). An analytical sample of 129 was obtained by recrystallisation from 
petroleum spirit as colourless needles. 
m.p. 122.5-123°C. 
1H NMR 
0.5B (50% EtOAc in hexane). 
3500(b, H-bonded O-H), 1760(sh, dichloroacetate C=O), 1740(s, 
-1 
methyl ester C=O) cm . 
6.03(dd, 1H, J=2.2 & 7.0Hz, H-7), 5 .99 (s , 1H, CI 2CH-) , 5 . 32(t, 
1H, J=4.9Hz, H-3), 3. 7B( bm, 2H, H-B and OH), 3. 71(s , 3H, 
194 
3.39(ABq , 2H, J=11 .5Hz, Me2CC~20), 3.04(dd, 1H, J=1.5 & 7 . 0Hz, 
H-6), 2.60-2 .00 (e , 4H, H-2a,e, H-4 & H-9), 1.65(dd, 1H, J=3.2 
&15.6Hz, H-4'), 1.20(m, 1H , H-9'), 1.11 & 0.82[both s, 3H each, 
>C(CH 3 )2] ' 
171 .92(-f02Me) , 163.98(C12CHf02-)' 146.23(C-7a), 121.47(C-7), 
104 .4 7(sup., C-5), 81.00(1n , C-3), 71.63 & 69 . 76(out, 
°fH2CfH20) , 69 .70(1n, C-8), 64 . 27(1n, C1 2f H-), 52 . 21(1n, 
-C0 2f H3
), 49.46 (sup., C-3a) , 47.30(1n , C-6) , 44.18(1n, C-1), 
/I II II 42.66(out, C-4 ) , 34.69(out , C-2 ) , 33.87(out, C-9 ), 
30.08(sup., >fMe2 ), 22 .45 & 22 . 19[1n, >C(fH3)2]' 
+ MS 448(1% , M), 389(1), 321(10) , 175(25), 129(32), 128(100), 
115(15) . 
HRMS C20H2607C12 requ1res 448.1056 found 448 . 1056 
* (11) The (8-R ) 1somer 130 as a colourless syrup (40mg, 11%). 
0.31 (50% EtOAc 1n hexane). 
IR 3580(m , free O-H) , 3440(b, H-bonded O-H), 1760(sh, 
1H NMR 
-1 
d1chloroacetate C=O) , 1740(s , methyl ester C=O) cm . 
6.03(dd , 1H, J=2.2 & 6 .4Hz , H-7), 5 . 99(s, 1H, C1 2CH-), 5.35(t, 
1H, J=4.9Hz, H-3) , 4 . 36(bm, 1H, H-8), 3 . 82(dt, 1H , J=2 . 2 & 
7.8Hz, H-1), 3 . 72(s , 3H, -C02C~3 ) ' 3.54-3 . 39(m , 4H, OC~2CC~20), 
3 . 35(dd, 1H, J=3.3 & 6 .4Hz , H-6), 2 . 53(m, 1H , H-2) , 2.24(m, 1H, 
H-2'), 2 .02(dd , 1H , J=8.3 & 13 . 4Hz, H-9) , 1.84(d, 1H, J=12 . 5Hz, 
4 
H-4), 1.75(b, 1H, exch ., OH) , 1.43 ( dd, 1H, J=12 . 5Hz, J =3.2Hz, 
w 
H- 4'), 1.26(m, 1H, H-9'), 1.02 & 0 . 87[both s, 3H each, 
>C( CH 3 )2]' 
172.01(-f02Me), 164.01 (C12CHf02-)' 147.46(C-7a ) , 119.86(C-7), 
102.72(sup., C-5), 81.41(1n , C-3) , 71.63 & 70 . 49(out , 
0fH2CfH20), 66.34(in, C-8) , 64 . 30(1n , C12fH-), 52.54(1n, 
. /I . /I 
-C0
2
f H3
) , 49.81(sup., C-3a), 47 . 68(ln, c-6 ) , 44 . 65(ln, C-1 ), 
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/I II /I 41.99(out , C-4 ) , 37.26(out, c-9 ) , 34.81(out, C-2 ) , 
29 . 87(sup., >~Me2)' 22 . 45[in, > C(~H3)2] ' 
MS + 448(2% , M ), 389( 2) , 321(11), 320(7), 175(22), 129(46) , 
128(100),115 (26) . 
HRMS requires 448.1056 found 448.1055 
DCAO~~ ________ ~_ TBDMSO 0 1-DCAO~~ 
* * * * * (1-R ,3-R ,3a-R ,6-R ,8-S ) -Methyl 8-[(tert-butyldimethylsilyl)oxy]-3-
dichloroacetoxy-5,5-(2,2-dimethyl-1,3-propylenedioxy )-1, 2, 3, 4, 5,6-
hexahydro-3a,6-ethano-3aH-indene-1-carboxylat e 131 
A chilled (ooC) solution of the al cohol 129 (0 . 2g , 0 . 45mmol) in 
dichloromethane (5mL) and pyridine (0 . 5mL) was treated with TBDMS-
trifluoromethanesulfonate (0 . 13g , 0 . 11mL , 0.49mmol) and stirred for 10 
minutes . The mixture was quenched with saturated aqueous sodium hydrogen 
carbonate solution (0.5mL) followed by water (3mL) and diluted with ethyl 
acetate/hexane (3:1) . The organic layer was decanted and dried . 
Evaporation of the solvent gave a solid whi ch was dissolved in ethyl 
acetate and filtered through a pad of silica gel (75% e thyl acetate in 
hexane) . After removal of the solvent , the TBDMS ether 131 was obtained as 
a colourless crystalline solid (243mg, 97%). A small sample was 
recrystallised from petroleum spirit to afford an analytical sample of 131 
as a colourless crystalline powder . 
m. p. 132-133°C . 
0 . 83 (50% EtOAc in hexane) . 
IR 
1 H NMR 
13C NMR 
MS 
1760(sh, dichloroacetate C=O), 1741 (s, methyl ester C=O) 
1 96 
-1 
cm 
5.96overlapping(lH , H-7) , 5 . 95(discernible s, lH, C1 2CH- ) , 
5.23(m, lH, H-3), 3.84(m, lH, H-8), 3.74-3.28(e, 5H, H-l & 
OC~2CC~20) , 3.72(discernible s, 3H, -C02CH 3), 3.44(discernible 
dd, lH , J=2.4 & 7.1Hz , H-6), 2.46(m, lH, H-2), 2. 20(m, lH, 
H-2') , 2.08(d, lH, J=12 . 7Hz, H-4), 1.96(m, lH, H-9'), 1.60 (dd, 
4 J=12 .7 Hz , J =3.2Hz, H-4'), 1.24(dd, lH , J=6 . 0 & 12.0Hz, H-9), 
. w 
1.08 & 0 . 81[both s, 3H each, >C(C~3)2] ' 0 . 87[s, 9H , -SiC(C~3)3]' 
0.04 & 0.02[both s, 3H each, -Si(C~3)2]. 
171. 69( - f.02Me) , 163.66 (Cl2CHf.02 - ), 145.97 (C-7a), 121. 59 (C-7) , 
102 . 81(sup ., C-5), 80.74(in, C-3). 71.28 & 70.95(out, 
0f.H2Cf.H20), 70.60(in, C-8), 64.36 ( in, Cl2f.H-), 52 . 12(in, 
( II 44 4 ( C-l l1 ) , -C02f.H3), 49 . 46(sup. , C-3a), 48.21 out, C-4) , . 7 in, 
II II If 41.55(in, C-6 ), 34 . 72(out, C- 2 ), 32 . 41(out, C-9 ) , 29.37(sup., 
>~Me2) ' 25.90[in, -SiC(f.H3)3]' 23 . 21 & 22 . 34(in, >C(f.H3)2] ' 
18.13(sup., -Sif.Me3), -4.61 & -4.79[in, -Si(~H3 ) 2]. 
562«1%, M+), 435(12), 247 (16),175(5),129 (70 ) ,128(100 ) , 
115(29), 59(15), 57(18). 
C26H4007Cl2Si Calcd. C 55.41; H 7.15; Cl 12 . 58 
Found. C 55 . 48; H 7.38; Cl 12 . 25 
DCAO~~ ______ ~._ 
~ OTBDMS 
C02Me 
DCAOWO 
~ OTBDMS 
C02Me 
130 133 
* * * * * .. (l-R ,3-R ,3a-R , 6-R ,8-R )-Methyl 8-[(tert-butyldlmethylsllyl)oxy]-3-
dichloroacetoxy-1,2,3,4,5,6-hexahydro-5-oxo-3a,6-ethano-3aH-indene-l-
carboxylate 133 
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The ketal 130 (25mg , 44~mol) in dichloromethane (lmL) was stirred with 
dimethylboron bromide (27mg, 20~L, 0.22mmol) under nitrogen for 2 hours at 
-78 o C. The reaction mixture was quenched with saturated aqueous sodium 
hydrogen carbonate solution and allowed to warm up to room temperature, 
then extracted into 1:1 ethyl acetate/hexane . The ext ract was dried and 
concentrated to afford the ketone 133 as a colourless oil (21mg , 99%). 
1 H NMR 
MS 
HRMS 
0 . 52 (30% EtOAc in hexane). 
1764(sh, dichloroacetate C=O), 1735(s, methyl ester and ketone 
-1 C=O) cm . . 
6.00overlapping(lH, H-7), 5.99(s, 1H, C1 2CH-) , 5 . 44(t, 1H, 
J=5.4Hz, H-3) , 4. 30(m , 1H, H-8), 3 . 90(dt, 1H, J=2.2 & 7 . 4Hz, 
H-1), 3. 73(s , 3H, -C02CH 3) , 3.33(dd, 1H, J=3.1 & 6.3Hz, H-6), 
2 . 60(m , 1H, H-2) , 2 . 31(m , 1H , H-2'), 2 .15 (d , 1H, J =17 . 9Hz , H-4) , 
2.10(dd , 1H, J=8 . 7 & 13.2Hz , H-9), 1.91 (dd , 1H , J=17.9Hz, 
4 J
w
=3.5HZ, H-4'), 1.44(m, 1H, H-9') , 0 . 85[s, 9H, -SiC (CH 3)3 J, 
0.04[s, 6H, -Si(CH 3)2 J. 
209 . 03(C-5) , 171.92(-~02Me), 164 . 00(C12CH~02- ) ' 14B . 70(C-7a), 
117.81(C-7) , BO.85(in, C-3 ) , 67 . 41(in , C-8) , 64.17(in, C12~H-), 
59.21(in, C-6), 52 . 38(in , -C02~H3 ) ' 50 . 16(sup. , C-3a), 44 . 58(in, 
C-1), 42 . 83(out, C-4#), 37 . 87(out, C-9#) , 34 . B9(out, C-2#), 
25 . 75[in , -SiC(~H3)3J, 18 . 04(sup ., -Si~Me3)' -4 . 68 & -4.76[in, 
-Si(CH 3)2 J · 
419«1%, M+-C 4H9), 349(1), 247(30) , 175(21) , 131(30) , 115(41) , 
101(100),83(3),59(17). 
requires 419.0484 found 419.0485 
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TBDMSO 0 L DCAo'cE:Sf~ 
* * * * * (1-R ,3-R , 3a-R , 6-R , 8-S )-Methyl 8-[(tert-butyldimethylsilyl )oxy]-5,5 -
(2,2-dimethyl-1,3-propylenedioxy)-1,2,3,4,5,6-hexahydr0-3-hydroxy-3a,6-
ethano-3aH-indene-1 -carboxylate 134 
The dichloroacetate 131 (235mg , 0 .4 2mmol) was dissolved in methanol 
(9mL) and chilled to O°C . Water (1 . 2mL) and triethylamine (0 . 8mL) were 
added successively, and the mixture was stirred for 10 minutes . Aft er 
removal of most of the solvent, the residue was extracted into ethyl 
acetate/hexane (3:1) . The extract was dried and concentrated to yield a 
pale yellow oil . The oil was passed through a pad of silica gel with ethyl 
acetate , evaporation of the solvent provided the alcohol 134 as a viscous 
colourless oil which solidified on standing (180mg , 95%) . An analytical 
sample of 134 was obtained by recrystallisation from petroleum spirit as a 
colourless powd er. 
m.p. 131-132 . 5°C. 
1H NMR 
0 . 56 (50% EtOAc in hexane) . 
3608(m , free O-H), 3430(b , H-bonded O-H) , 1731(s , methyl ester 
-1 C=O) cm . 
5 . 89(dd , 1H, J=2 . 2 & 7 .1Hz , H-7), 4. 12(bm , 1H, H-3) , 3.88(m , 1H, 
H-8) , 3 . 80-3 . 27(e , 5H , H-1 & OC~2CC~20) , 3 .69(discernible s, 3H , 
-C02CH3
) , 3. 44(di s cerni ble dd, 1H , J=2.4 & 7 . 1Hz, H-6), 2. 30(m , 
1H, H- 2) , 2.1 3-1 . 98(e, 2H, H-2 ' & H-9') , 1. 95(d, 1H, J=12.7Hz, 
4 H- 4), 1.83(b , 1H , exch ., OH ) , 1.49 (dd , 1H, J=12.7Hz, J
w
=3. 2HZ , 
H- 4' ) , 1. 21(dd, 1H, Jc6 .0 & 12.0Hz, H-9) , 1.09 & 0.80[both s , 3H 
MS 
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each, >C(CH3)2J , 0.89[s, 9H, -SiC(CH3)3 J , 0 . 58 & 0 .50 [both s , 3H 
each , -Si(CH 3)2 J . 
172.71 (-f02Me ) , 147.66(C-7a), 120.45(C-7 ) , 103.25(sup., C-5), 
74.84(in, C-3), 71.13 & 70.78(out, °fH2CfH20) , 71 .04 (in , C-8), 
51.80(in, -C02f H3), 49 .82(sup., C-3a), 48.65(out, C-4#) , 
# . # # 44.18(in, C- 1 ), 41.06(ln , c-6 ) , 37.55(out, C-2 ), 32 . 06(out, 
# C-9 ) , 29.20(sup., >f Me2 ) , 25.84[in, -SiC(fH3)3J, 23 . 19 & 
22 . 23[in , >C( fH3)2J, 18.05(sup. , -SifMe 3), -4.73 & -4.84[in, 
-Si(fH3) 2J• 
+ 452 (3% , M), 320(12),247(4),175(2) , 129(65),128(100),115(9), 
59 (7) , 57(8). 
Cal cd. 
Found. 
C 63 . 68; 
C 63 . 57; 
H 8.91 
H 9.14 
HOliYJ- -------i .. _ 
* * * * (1-R ,3a-R ,6 -R ,8-S )-Methyl 8-[(tert-butyldimethylsilyl)oxyJ-5,5-(2,2-
dimethyl-1 , 3-propylenedioxy)-1,2 , 3, 4 ,5, 6-hexahydro-3-oxo-3a,6-ethano-3aH-
indene-1-carboxylate 128 
To a solution of the alcohol 134 ( 168mg, 0 . 37mm ol) in dichloromethane 
(5.0mL ) was added powdered 4A molecular sieve (800mg) and pyridinium 
dichromate (280mg, 0.74mmol). The orange suspension was stirred at ambient 
temperature for 2 hours. The resulting brown suspension was diluted with 
ethyl acetate/ hexane (3 :1) and filtered through a pad of silica gel . A 
yellow cr ystalline solid was obtained on removal of the solvent. This 
200 
solid was dissolved and eluted through a new pad of silica gel (75% ethyl 
acetate in hexane), evaporation of the solvent furnished the ketone 128 as 
a colourless crystaline solid (150mg , 89%) . A small amount of the solid 
was recrystallised from petroleum spirit to afford an analytically pure 
sample of 128 as a colourless crystalline powder. 
m.p. 135-136 . 5°C . 
Rf 
IR 
~ H NMR 
MS 
HRMS 
C24H3806Si 
0.73 (50% EtOAc in hexane ) . 
-1 1741(s, cyclopentanone and methyl ester C=O) cm 
6.15(dd, 1H, J=2.2 & 7 . 1Hz , H-7), 3.83(m, 1H , H- 8) , 3 . 80-3 . 29(m , 
5H , H-1 & OC~2CC~20), 3. 72(discernible s , 3H, -C02CH 3), 
3.43(discernible dd, 1H , J=2.5 & 7. 1Hz , H-6), 3. 00 & 2. 71(AB-
part of ABX, 2H, J AX =6 . 3Hz , JBX=9.4HZ, J AB=18 . 6HZ, H-2a , S) , 
2.08(d , 1H, J=12.4Hz , H-4) , 1.82-1.66 (m , 2H , H-4' & H-9' ) , 
1.5 2(dd , 1H, J=5.6 & 12 . 2Hz, H-9) , 1.02 & 0 . 86[both s , 3H each , 
>C(CH 3)2] ' 0 . 87[s , 9H , - SiC(CH 3)3] ' 0 . 05 & 0 . 02[both s , 3H each , 
-Si (CH 3) 2] . 
216 . 34(C-3 ) , 171.90(-~02Me), 143 . 13(C-7a), 124 . 45(C-7), 
102 . 81(sup ., C-5) , 71 . 36 & 70 . 78(out, O~H2C~H20) , 69 . 93(in , 
" C-8), 52.44(in, -C02~H3) ' 51 . 01(suP~ ' C-3a) , 44 . 56(out, C-2 ) , 
43.68(in, C-1#) , 41.67(in , C-6"), 41.49(out, C-4") , 34 . 46(out , 
It C-9 ) , 29 . 43(sup. , >~Me2) ' 25 . 81[in , -SiC(~H3)3]' 23 . 04 & 
22 .40Cin , >C(~H3)2] ' 18.07(sup. , -Si~Me3)' -4 . 70[in , - Si(~H3)2] · 
450(13%, M+), 393(21) , 391(6) , 349(61) , 318(6) , 263(29) , 
129(26), 128(100). 
C24H3806Si requires 450 . 2438 found 450.2439 
Calcd . C 63 . 97 ; H 8 . 50 
Found. C 63 . 70 ; H 8.68 
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o~J-___ -., .. _ ~U~J-II~ 
* * * * * (1-R , 3-R ,3a-R , 6-R ,8-S )-Methyl 8-[(tert-butyldimethylsilyl)oxy]-5,5-
(2 , 2-dimethyl-1,3-propylenedioxy)-1 , 2, 3, 4,5 , 6-hexahydro-3-hydroxy-3-(2-
propenyl)-3a , 6-ethano-3aH-indene-1-carboxylate 135 
A solution of the ketone 128 (247mg , 0 . 55%) in dry THF (10mL) was 
cooled to -100 0 C (liquid nitrogen/pentane bath) under nitrogen . 
Triallylalane ether ate (10mL of a 0 . 3M solution in hexane, 3. 0mmol) was 
added and the mixture was allowed to warm up gradually to -80°C over 10 
minutes . The reaction mixture was quenched with saturated aqueous ammonium 
chloride solution (3mL) and warmed up to room temperature, then extracted 
with ethyl acetate/hexane (3:1) . The extract was dried and the solvent was 
evaporated to afford the alcohol 135 as a colourless crystalline solid 
(268mg, 99%). A small sample was recrystallised from hexane to furnish an 
analytically pure sample of 135 as a colourless powder. 
m.p . 128-129°C . 
0.48 (30% EtOAc in hexane) . 
-1 3430(b, H-bonded O-H) , 1713(s, H-bonded methyl ester C=O) cm 
6 . 06(m , 1H , !!C=CH2 ) , 5 . 99(dd, 1H , J=1.6Hz & 7 . 1Hz , H-7), 5 . 16 & 
5 . 11(bd & bs respectively, 1H each , HC=C~2) ' 4. 11(s , 1H , OH), 
3 . 76(m, 1H , H-8) , 3. 71 (s, 3H , -C02CH 3), 3. 68-3 . 40(m , 5H, H-1 & 
OC!!2CC~20) , 3. 33(dd, 1H, J=2 . 5 & 7. 1Hz , H-6), 2. 41(m, 1H, A-part 
of vinyl CH 2) , 2 . 27-2 . 20(e , 2H , H-2 & B-part of vinyl CH 2) , 
2. 11-2 . 02(e , 2H , H-2 ' & H-4 ' ), 1.86(d , 1H , J=13 . 3Hz , H-4), 
1. 63(m , 1H , H-9 ' ) , 1.37(dd , 1H , J=4 . 6 & 12 . 2Hz , H-9) , 1.02 & 
20 2 
0 . 87[both s, 3H each, >C(CH3)2J , 0.89[s, 9H, -SiC(CH 3) 3J , 0 . 06 & 
0.04(both s, 3H each, -Si(CH 3)2 J . 
13C NMR 175 . 52(-~02Me ) , 148 .95(sup., C-7a), 134.55(in, H~=CH 2 )' 
123.42(in, C-7), 117 . 67(out, HC=~H2) ' 103 . 66(sup ., C-5), 
80.53(sup ., C-3), 71.19 & 70 . 60(out, O~H2C~H20), 70 . 98 ( in, C-8 ) , 
52 . 82(sup ., C-3a), 52 . 68(in, -C02~H3)' 44 . 53(in, C-1#), 
43 . 33(in , C-6#) , 42 . 63(out , C-4#) , 41.67(out, C-l), 40.62(out, 
it . it C-9 ) , 36.06(out, vlnyl CH2 ) , 29.55(sup ., >~Me2)' 25 . 93[in , 
-SiC(~H3)3J, 23.04 & 22 . 45[in, >C(~H3)2J , 18 . 16(sup., -Si~Me3)' 
-4 .61[in , -Si(~H3)2J. 
+ 492(17%, M ) , 460(19),451(6 ) , 391(10 ) ,373 ( 68 ) ,313(48), MS 
305(16) , 155(21),129(52),128(100) , 59(7),57(15) , 41(17). 
HRMS C27H4406Si requires 492.2907 found 492 . 2908 
C27H4406Si Calcd. C 65.82; H 9 . 00 
Found. C 65 . 48; H 9 . 08 
t This spectrum was recorded on a Perkin Elmer 1800 Fourier Transform 
Infrared Spectrophotometer . 
tt This spectrum was recorded on a Varian XL300 NMR spectrometer . 
TBDMSO oJ- J o TBDMSO 0 I -~l+a-:r II~ 
* * * * * (1-R ,3-R ,3a-R , 6-R ,8-S )-Methyl 8-[(tert-butyldimethylsilyl)oxyJ-5,5-
(2,2-dimethyl-1 , 3-propylenedioxy)-1,2 , 3,4,5 , 6-hexahydro- 3-(2-propenyl)-3-
propionyloxY-3a,6-ethano-3aH-indene-1-carboxylate 136 
A mixture of the dienol 135 (83mg , O.1 7mmol) , propionic anhydride 
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(0 . 5mL) , triethylamine(1 . 0mL) and 4-pyrrolidinopyridine (12mg , 80~mol) was 
stirred inside a cold room (5°C) for 36 hours. The reaction mixture was 
then cooled at ooC, quen ched by dropwise addition of a satuarated aqueous 
sodium hydrogen carbonat e solution and extracted with ethyl acetate/hexane 
(3:1) . The extract was dried and concentrated to give a yellow oil, which 
was flash chromatographed (25% ethyl acetate in hexane) to furnish the 
propionate 136 as a colourless oil (86mg, 93%). 
Rf 
IR 
1 H NMR 
13C NMR 
MS 
HRMS 
0.64 (30% EtOAc in hexane) . 
-1 1730(s, methyl ester and propionate ester C=O) cm 
5 . 92(dd , 1H, J=2.2 & 7 . 0Hz, H-7), 5 . 74 (m , 1H, ~C=CH2)' 5.13 & 
5.07(both bs, 1H each, HC=C~2)' 3.82-3.27(e, 6H, H-1 , H-8 & 
OC~2CC~20) , 3, 69(discernible s, 3H , -C02CH 3) , 3.49(discernible 
dd , 1H , J=2 . 4 & 7 . 0Hz, H-6), 3.10-1.62(e, 8H, 4xCH 2), 
2. 26(discernible q , 2H , J=7 . 6Hz, CH3C~2C02-)' 1. 13 & 0.78[both 
s, 3H each, >C(C~3)2J, 1. 10(t , 3H, J=7 . 6Hz , C~3CH2C02-),O.89[s, 
9H, -SiC (CH3)3J , 0 . 06[s , 6H, -Si(CH3)2 J . 
173 . 18(Et~02-) ' 171.63(-~02Me), 146.26(sup., C-7a) , 132 . 74(in , 
HC=CH ) , 121.85(in , C- 7) , 118.67(out, HC=CH 2) , 102 .99 (sup ., - 2 -
C-5) , 88 . 21(sup., C-3), 71.28 & 71.01(out, O~H2C~H20), 70.84(in, 
C-8), 51.95(in, -C02~H 3) ' 51.57(sup., C-3a) , 46 . 22 ,38.13, 
37 . 00 , 34.57 & 28.18(out, C-2, C-4, C-9 , vinyl CH 2 & CH3~H2C02-' 
no order implied ) , 43.39(in, C-1"), 40 .1 8(in , C-6") , 29 .29 (sup . , 
>~e2) ' 25 . 96[in, -SiC(~H3) 3 J , 23.39 & 22 . 34[in , >C(~H3)2J , 
18.13(sup ., -Si~Me3) ' 9.20(in, ~H3CH2C02 - ) ' -4.58 & -4.76[in, 
-Si (~H3)2J. 
491«1% , M+-C 4H9) , 475(50),373(20) , 347(20),287(15),215(8), 
155(15 ) ,128(31),57(100) , 29(21) . 
requires 491 . 2465 found 491 . 2466 
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TBDMSO od-- TBDMSO od--
.. 
* * * * (3-R , 3a-S ,6-S , 8-R )-Methyl 8-[(tert-butyldimethylsilyl)oxy]-5,5-(2,2-
dimethyl-1 , 3-propylenedioxy)-2 , 3,4 , 5,6,7-hexahydro-3-(2-propenyl)-3-
propionyloxY-3a,6- ethano-3aH-indene-1-carboxylate 137 
A solution of the S, y-unsaturated ester 136 (83mg, 0 . 15mmol) in a 
mixture of THF (2mL) and tert-butyl alcohol (0.5mL) was cooled to ooC. The 
chilled mixture was stirred with potassium tert-butoxide (17mg, 0 . 15mmol) 
for 15 minutes then quenched with water (1mL) and extracted into ethyl 
acetate/hexane (3 :1). The extract was dried and the solvent was evaporated 
to afford an orange oil . The oil was filtered through a pad of silica gel 
(50% ethyl acetate in hexane), removal of the solvent furnished the a,S-
unsaturated ester 137 as a colourless syrup (78mg, 94%) . 
UV 
1 H NMR 
13C NMR 
0.56 (20% EtOAc in hexane ) . 
1725(s, propionate ester C=O), 1707(s, a,S-unsaturated ester 
-1 C=O) cm . 
A =235nm , £=13196. 
max 
5 . 78(m , 1H, ~C=CH2) ' 5 . 80 & 5. 76(both bs, 1H each, HC=C~2)' 
3. 91-3 . 25(e, 6H , H-7a,S & OC~2CC~20) , 3. 71 (discernible S, 3H , 
-C0
2
CH
3
) , 3 . 08-1.76(e, 9H , H-2a,S , H-4a , S, H-6 , H-9a , S & vinyl 
CH2) , 2.24(discernible q , 2H , J=7 . 6Hz , CH3C~2C02-) ' 1.18 & 
O.76[both s , 3H each, >C(C~3)2]' 1. 07(t, 3H, J=7 . 6Hz, C~3CH2C02-
) , 0 . 89[s , 9H , -SiC(CH3)3J , 0 . 06[s , 6H , -Si(CH 3)2 J · 
173 . 38(Et~02-) ' 165 . 59(-~02Me), 159 . 92(sup ., C-7a) , 132 . 94(in , 
H£=CH2) , 121. 18(sup ., c-1) , 118 . 55(out , HC=91 2) , 100.27(sup ., 
MS 
HRMS 
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C-5) , 88.82(sup ., C-3) , 71 . 04 & 70.95(out, O~H2C~H20), 69.73(in, 
C-8) , 55.54(sup . , C-3a) , 51 .04(in, -C02~H3 ) ' 43 . 42-two signals 
overlapping, 37 . 29-two signals overlapping , 28.50 & 27.59(out, 
C-2 , C-4 , C-7, C-9 , vinyl CH2 & CH3~H2C02 - ' no order implied), 
34.81(in , C-6), 29 . 3?(sup., >CMe2), 25 . 87[in, -SiC(CH ) ],23 . 42 
- - 3 3 
& 22 . 31[in , >C(~H3)2]' 18 . 05(sup . , -Si~Me3) ' -4.50 & -4.76[in , 
-Si(~H3) 2] ' 
+ 491(5% , M -C 4H9) , 475(6), 433(11), 417(11), 347(6) , 331(75) , 
289(44) , 215(9),129(12) , 128(9) , 83(100) , 57(63),41(16 ) . 
requires 491 . 2465 found 491.2466 
J o TBDMSO oJ-
I 
* * * * (3-R ,3a-S , 6-S , 8-R )-Methyl 8-[(tert - butyldimethylsilyl )oxy]-5,5-(2,2-
dimethyl-1 , 3-propylenedioxy)-2,3,4 , 5 , 6,7- hexahydro-3-(3-hydroxypropyl)-3-
pr opionyloxy-3a,6-ethano-3aH-indene- 1-carboxylate 138 
A chilled (O°C) solution of the diene 137 (76mg , 0. 14mmol) in THF 
(5mL) , under nitrogen , was treated with borane-dimethylsulfide complex. 
The progress of the reaction was monitored by TLC . Borane-dimethylsulfide 
complex (-88~L) was added until the starting diene 137 had reacted 
completely . The s olvent was removed under vacuum . The res idue was 
dissolved i n DME (2mL) and trimethylamine N-oxide (0 . 2g, 1.8mmol) added . 
The solution was heated under reflux for 30 minutes . After cooling , the 
mixture was diluted with water and extracted with ethyl acetate . The 
e xtract was dr ied and concentrated to gi ve a viscous oil . Flash 
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chromatography (40% ethyl acetate in hexane) of the oil afforded the 
alcohol 138 as a colourless syrup (27mg, 34%) . 
1 H NMR 
13C NMR 
MS 
HRMS 
0.31 (30% EtOAc in hexane). 
3420(b, H-bonded O-H) , 1726(s, propionate ester C=O), 1709(sh, 
-1 
a,a-unsaturated ester C=O) cm . 
3.84-3.24(e, 9H, H-7a,a, H-8, OC~2CC~20 & C~20H), 
3.71 (discernible s, 3H , -C02CH 3), 2. 84-1 . 40(e, 12H, H-2a,a, H-
4a,a, H-6, H-9a,a, & -C~2C~2CH20~), 2.28(discernible q, 2H , 
J=7.6Hz, CH3C~2C02-)' 1.18 & 0.76[both s, 3H each , >C(CH 3)2] ' 
1.09(t, 3H, J=7.6Hz, C~3CH2C02-)' 0.89[s, 9H, -SiC(CH 3)3]' 
0.05[s, 6H , -Si(CH3)2]. 
173.65(Et~02-)' 165.65(-~02Me), 159 . 95(C-7a), 121.29(C-1), 
100.30(sup ., C- 5), 89 . 96(sup ., C-3) , 71 . 07-two signals 
overlapping(both out , 0~H2C~H20) , 69.82(in , C-8) , 62 . 84(out, 
~H20H), 55.57(sup. , C- 3a), 51 . 10(in , -C02~H3 ) ' 43 . 92 , 43 . 36, 
37 . 00 , 29 . 26, 28 . 53 & 27 .59- two signals overlapping(C-2, C-4 , C-
7, C-9 , ~H2~H2CH20H & CH3~H2C02- ' no order implied) , 34.92(in, 
c-6) , 29 . 37(sup ., >~Me2) ' 25 . 93[in , -SiC (~H3)3] ' 23.36 & 
22.28[in , >C(~H3)2) ' 18.10(sup., -Si~Me3)' 9.26(in, ~H3CH2C02-)' 
-4.50 & -4.73[in, -Si(CH3)2 ]. 
509(6%, M+-C 4H9) , 492(11), 433(45) , 349(96) , 317(44) , 233(9), 
215(8) ,131( 26) ,115 (14) , 75(100) ,57(61) . 
found 509.2569 
JOTBDMSO 0 1-ltE!ifoF 0----.. 
C02Me ~OTBDMSO 
136 
o 
Me02C 
Epoxidation of the diene 136. 
The diene 136 (39mg, 71~mol) in chloroform (0 . 5mL) was stirred 
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overnight with meta-chloroperoxybenzoic acid (15mg, 71~mol) under nitrogen 
at ambient temperature. The reaction mixture was diluted with ethyl 
acetate/hexane (3:1) and washed with saturated aqueous sodium hydrogen 
carbonate solution then water and dried. A yellow oil was obtained on 
evaporation of the solvent, which was flash chromatographed (20% ethyl 
acetate in hexane) to provide, in order of elution, 
* * * * * * * (i) (l-R , 3-R ,3a-R 6-s , 7-R , 7a-S , 8-S ) -Methyl 8-[(tert-
butyldimethylsilyl)oxy]-5,5-( 2 , 2-dimethyl-1,3-propylenedioxy)-7,7a-epoxy-
1 , 2, 3,4, 5 , 6 , 7 , 7a-octahydro-3-(2-propenyl)-3-propionyloxy-3a,6-ethano-3aH-
indene-1-carboxylate 145 the monoepoxide as a colourless oil (20 . 5mg , 51%) , 
Rf 
IR 
~ H NMR 
0.71 (30% EtOAc in hexane ) . 
17 36(s, methyl ester and propionate ester C=O) cm - 1 
5.81(m, 1H, ~C=CH2 ) ' 5 . 17 & 5. 11(bd & bs respecti vel y, 1H each , 
HC=C~2)' 4.1 8(m, 1H, H-8), 3. 70 -1. 42(e , 15H, H-1, H- 2u ,8, 
H-4u,8, H-6, H-7, H-u,8, vinyl CH2 & OC~2CC~20) , 
3.64(discernible s, 3H , -C02CH3) , 2. 28( disc ernible q, 2H, 
J=7.6Hz, CH3C~2C02-)' 1.10(t, 3H, J=7.6Hz, C~3CH2C02-) ' 1.09 & 
0.82[both s, 3H each, >C(CH3)2] ' 0 .87[s , 9H, -SiC(C~3)3]' 
0.04[s, 6H, -Si(C~3 )2] · 
MS 
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173 . 09( Et~02-) ' 171.19( -~02Me) , 132 . 59(in , Hf=CH 2), 119 . 1 O(out , 
HC=fH2) , 101.47(sup ., C-5) , 87 . 25(sup ., C-3) , 70 . 75 & 70 . 60(out , 
°fH2CfH20) , 66 . 52 (sup. , C-7a), 65 . 06(in, C-8#) , 54 . 69(in , C-7#) , 
51.89(in , -C02f H3) , 50 . 51(sup ., C-3a), 42 . 37(in , C- 1), 41.32 , 
38 . 40 , 37.40 , 37 . 11 & 28 . 09(out , C-2, C- 4, C-9 , vinyl CH 2 & 
CH3fH2C02- ' no order implied) , 37 . 32(in , C-6), 29.49(sup. , 
>f Me2 ) , 25 . 87[in, - SiC(~H3)3J , 23 . 33 & 22 . 42[in , >C(~H3)2J , 
18 . 02( sup . , -Si~Me3) ' 9. 23(in , fH3CH2C02 - ) ' -4 . 61 & - 4. 76[in , 
-Sd CH 3) 2 J . 
+ 564«1% , M) , 491(20) , 449(4) , 433(8) , 347(24) , 289(49) , 
128(100),73(52) , 59(12),57(74) , 41(22) . 
HRMS C30H4808Si requires 564 . 3118 found 564.3116 
* * * * * * * (ii) (1-R , 3-R ,3a-R , 6-8 , 7-R , 7a-8 , 8-8 )-Methyl 8-[(tert -
butyldimethylsilyl)oxyJ-5 , 5- (2 , 2-dimethyl-1 , 3- propylenedioxy)-7 , 7a-epoxy-
3[(2-~,3-~)-2 , 3 - epoxypropylJ-1,2,3 , 4 , 5 , 6 , 7,7a-octahydro-3-propionyloxy-
3a , 6-ethano-3aH-indene-1-carboxylate 146 the diastereomeric diepoxides as a 
colourless oil (8 . 5mg , 20%) , 
1 H NMR 
M8 
4. 17(m, 1H , H-8) , 3 . 80-1 . 10[e , 29H , H-1 , H-6 , H-7 , 5xCH2, epoxy 
CH , OC~2C(C~3)2C~20 & -C02C~2C~3) ' 3. 65(discernible s, 3H , 
-C02CH 3) , 0 . 89 and 0 . 87[both discernible s , 9H together, 
-8iC(CH 3)3 J , 0 . 04 and 0 . 03[both s , 6H together , -Si(CH3)2J · 
+ 580«1% , M ) , 507(5) , 449(6) , 128(100) , 73(51) , 57(49) . 
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TBDMSO oJ- TBDMSO oJ-
145 OH 148 
* * * * * (3-R , 3a-S , 6-R , 7-S , 8-R )-Methyl 8-[(tert-butyldimethylsilyl)oxy]-5,5-
( 2 , 2-dimethyl-l , 3-propylenedioxy)-2 , 3, 4, 5 , 6 , 7-hexahydro- 7phydr oxy-3-(2-
propen yl) - 3- pr opionyloxY-3a , 6- ethano-3aH- indene-l-carboxylate 148 
The epoxide 145 (18mg , 32~mol) in a mixture of THF (1 . 0mL) and tert-
but yl alcohol (O.lmL) was cooled to O°C and treated with potassium tert-
butoxide (-3 . 0mg) . After stirring for 15 minutes under nitrogen , the 
solvent was e vaporated . The residue was taken into ethyl acetate/hexane 
(3 :7) and filtered through a plug of silica gel. Removal of the solvent 
afforded the all ylic alcohol 148 as a colourless oil (18mg , 100%) . 
1 H NMR 
MS 
HRMS 
0 . 75 (30% EtOAc in hexane) . 
3370(b, H-bonded O-H) , 1727(s , propionate ester C=O) , 1687(s , 
-1 
a , S-unsaturated ester C=O) cm . 
5 . 78(m , lH , ~C=CH2) ' 5 . 43(s, lH , OH) , 5 . 10 & 5 . 04(both bs , lH 
each , HC=C!i.2) ' 4 . 72(bm , lH, H-7) , 4 . 28(m, lH , H-8) , 3 . 91-1.68(e , 
13H , H-2a , S, H-4a,S , H-6 , H- 9a , S, vinyl CH2 & OC!i.2 CC!i.20 ) , 
3 . 75(discernible s , 3H , -C02CH 3), 2. 22(discernible q , 2H , 
J =7 . 6Hz , -C02C!i.2CH3) ' 1. 05(t, 3H , J=7.6Hz , -C02CH2C!i.3) ' ~ . 19 & 
0. 73[ bot h s, 3H each , )C(CH3)2] ' 0 . 88[s , 9H , -SiC(CH 3)3] ' 0. 07 & 
O. 05[bot h s, 3H each , -Si(CH3)2] ' 
564(5% , M+) , 533(5) , 507(15) , 449(15) , 433(25),347(100), 
332(35) , 143(30) , 131(12) , 129(20) , 128(22) , 59(18) , 57(60) , 
41 (4 0) . 
requires 564 . 3118 found 564 . 3109 
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Mono-deoxygenation of the Diepoxide 146 
J~ TBDMSO oJ- TBDMSO oj-
o 
-------.. - 148 + 
The diepoxide 146 (30mg, 50~mol) and potassium selenocyanate (11mg, 
80~mol) in a mixture of methanol/water (1 .4mL /0.1mL) was heated overnight 
at 70 oC. Red selenium was found deposited at the bottom of the flask. The 
solution was concentrated and the residue was dissolved in ethyl 
acetate/hexane (1 :1). After drying over sodium sulfate and filtering 
through a plug of silica gel, the solvent was evaporated to give a red oil 
which was flash chromatographed (30% ethyl acetate in hexane) to afford, in 
order of elution, 
(i) the allylic alcohol 148 (10mg , 35%) which displays identical 
spectroscopic features and chromatographic behaviour to those of an 
authenic sample obtained by another route (see p.209). 
* * * * * (ii) (3-R ,3a-S ,6-R ,7-S , 8-R )-Methyl 8-[(tert-butyldimethylsilyl)oxy]-
5,5-(2,2-dimethyl-1,3-propylenedioxy)-2,3,4,5,6,7-hexahydro-3,7-dihydroxy-
3-(2-propenyl)-3a , 6-ethano-3aH-indene-1-carboxylate, 149 ( 11mg, 42%), 
Rf 
IR 
1 H NMR 
0.40 (30% EtOAc in hexane) . 
3400 ( b ) , 1 6 9 H s) cm - 1 . 
5.92(m , 1H, ~C=CH2) ' 5.59(s, 1H , OH), 5 . 25 & 5.1 8 (bs & bd 
respectively, 1H each, HC=C~2)' 4.79(m, 1H, H-7), 4.28(m, 1H, 
H-8), 3.92-1 . 01(e , 14H , H-2a,e, H-4a,e , H-6, H-9a,e, OC~2CC~20, 
vinyl CH2 & OH) , 3.77(discernible s, 3H, -C02CH 3), 1. 19 & 
0.76[both discernible s, 3H each, >C(CH 3)2]' 0.89[s, 9H, 
-SiC(CH 3)3] ' 0 .08 & 0.05[both s, 3H each, -Si(CH 3)2]' 
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MS + 508(45% , M ) , 493(77),451(45),421(100),365(98) , 349(90), 
347(88),129(50),128(50),115(15),41(25). 
HRMS requires 508 . 2856 found 508. 2869 
TBDMSO oj- TBDMSO oj-
148 
OH 
* * * * * (3-R ,3a-S ,6-R ,7-S ,8-R )-Methyl 8-[(tert-butyldimethylsilyl)oxy]-5,5-
(2,2-dimethyl-l,3-propylenedioxy)-2,3 , 4,5, 6,7-hexahydr0-7-
[(methanesulfonyl)oxy]-3-(2-propenyl)-3-propionyloxy-3a , 6-ethano-3aH-
indene-l-carboxylate 150 
A solution of the allylic alcohol 148 (3mg , 5~mol), DMAP (-1 . 0mg) and 
methanesulfonyl chloride (10~L) in pyridine (0.25mL) was stirred under 
nitrogen for 6 hours at ambient temperature. The reaction mixture was 
cooled to O°C, quenched by dropwise addition of water then diluted with 
ethyl acetate and dried. After removal of the solvent, the residue was 
filtered through a pad of silica gel with ethyl acetat e . Evaporation of 
the solvent afforded the methanesulfonate 150 as a visco us oil (3mg , 88%) . 
Rf 
1 H NMR 
0 . 25 (20% EtOAc in hexane) . 
5.75(m, lH, ~C=CH2) ' 5 . 60(m, lH, H-7), 5 . 13 & 5.07(both bs, 
lH each , HC=C~2) ' 4.49(m, lH, H-8), 3.87-1.62(e, 13H , H-2n , a, 
H-4n,a, H-6, H-9n,a, vinyl CH2 & OC~2CC~20), 3. 72(discernible 
s, 3H, -C02CH 3
) , 3 . 19(discernible s , 3H, -OS02 CH 3), 
2. 26(discernible q, 2H , J=7.6Hz , CH3C~2C02-) ' 1. 18 & 
0.77[both s , 3H each, >C(CH3)2] ' 1. 08(t, 3H, J=7.6Hz, 
C~3CH2C02-) ' 0 . 90[s, 9H, -SiC(CH 3)3]' 0.11 & 0.1 0[both s , 3H 
212 
each, -Si(CH 3)2 J. 
+ 
MS 585«1%, M -C 4H9 ) , 415(6),345(13),213(50),153(60), 
131(18),129(31),128(31),115(25),95(14),89(10),73(70), 
57( 100), 41 (45) . 
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CHAPTER 5 
DCAO~~ ________ ~._ 
* * * * * (1 - R ,3-R , 3a-R , 6-R , 8- S )-Methyl 3-dichloroacetoxy-5 , 5-(2 , 2-dimethyl-1 , 3-
propylenedioxy)-1,2 , 3, 4, 5 , 6-hexahydro-8-[(methanesulfonyl)oxy]-3a , 6-ethano-
3aH-indene- 1-carboxylate 167 
A solution of the alcohol 129 (57mg , 0.13mmol) and DMAP (-3mg) in 
pyridine (0 . 5mL) was treated with methanesulfonyl chloride (45mg , 31~L, 
0 . 39mmol) . After stirring under nitrogen at ambient temperature for 3 
hours , the mixture was cooled to O°C and quenched by dropwise addition of 
aqueous 10% so di um hydr ogen carbonate sol ution , then extracted into ethyl 
acetate . The ext r act was dried and concentrated to afford a pale yellow 
viscous oil . The oil was filtered through a pad of silica gel with ethyl 
acetate/ hexane (3:1) . Evaporation of the solvent provided the 
methanes ul f onate 167 as a colourless syrup (67mg , 100%) . 
1 H NMR 
0 . 52 (50% EtOAc in hexane) . 
1765(sh , dichloroacetate C=O) , 1741(s , methyl ester C=O) , 
-1 
11 75(s , methanesulfonate ester S=O) cm . 
6 . 00 over lapping(1H , H-7) , 5 . 98(s , 1H , C1 2CH-), 5 . 29(t , 1H , 
J =4 . 6Hz , H-3) , 4.73(m , 1H , H-8) , 3. 74-3 . 33(e , 6H , H-1 , H-6 & 
OC~2CC~20) , 3 . 73(discer nible s , 3H , -C02CH 3) , 3. 02(s , 3H , 
-OS02CH 3) ' 2. 51(m , 1H , H-2) , 2. 29-2 . 11(e , 3H , H-2 ', H-4 & H-9 ' ) , 
4 1. 69(dd, 1H, J=12 . 9Hz , J =3 . 0Hz , H-4 ' ) , 1. 54(dd , 1H, J=5 . 1 & 
w 
13. 2Hz , H-9) , 1. 00 & 0 . 91[both s, 3H each , >C(CH 3)2] ' 
MS 
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171.46(-~02Me), 163.79(C12CH~02-)' 147.49(C-7a), 120 . 39(C-7), 
102.17(sup., C-5), 80 . 44(in , C- 3) , 76.88(in, C-8) , 71.22 & 
70.66(out, 0~H2C~H20), 64.21(in, C12~H-) , 52 . 30(in , -C02~H 3) ' 
49.05(sup., C-3a), 46.02(out, C-4#), 44. 32(in , C-1#) , 41.46(in, 
C-6#), 38.81(in, -OS02CH3)' 34.75(out, C-2#) , 29 . 93(out, C-9#), 
29 .55(sup., >~Me2) ' 22 . 75 & 22.34[in, >C(~H3)2] · 
+ 430(27%, M -CH 3S03H), 303(6),175(27),174(38 ) ,128(100 ) , 
115(57),79(12). 
.. 
167 
* * * * * (1-R , 3-S ,3a-S , 6-S , 8-R )-3-Dichloroacetoxy -5,5- (2 , 2-dimethyl-1,3-
propylenediOxy)-1,2,3,4,5,6-hexahydro-1-hydroxymethyl-8-
[(methanesulfonyl)oxy]-3a,6-ethano-3aH-indene 169 
A solution of the ester 167 (60mg, 0.11mmol) in dry THF (2mL) was 
cooled to -60°C under nitrogen and treated with DIBAL-H (0.14mL of a 1M 
solution in hexane, 0.14mmol ) . After stirring for 30 minutes , a second 
portion of DIBAL-H (0.14mL) was added and the mixture was stirred at -60°C 
for one hour then allowed to warm up to O°C over 2 hours . The reaction 
mixture was quenched with acetone (1mL) , diluted with ethyl acetate and 
stirred vigorously with aqueous 10% hydrochloric acid (1mL) . The organic 
phase was washed with aqueous 10% sodium hydrogen carbonate solution then 
brine. Evaporation of the solvent yielded the alcohol 169 as a colourless 
oil (53mg, 93%). 
0.37 (75% EtOAc in hexane). 
IR 3440(b, H-bonded O-H) , 1761 (s ) - 1 cm 
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1 H NMR 5.96(s, 1H, CI 2CH-), 5.84(dd, 1H, J=2 . 2 & 7 .1Hz , H-7), 5 .1 8(dd , 
1H, J=2 .4 & 4.9Hz, H-3 ) , 4.83(m , 1H, H-8), 3. 85-3 . 33(e , 7H, H-6, 
-C~20H & OC~2CC~20), 3. 02(s, 3H , -OS02CH3)' 3. 00 overlapping(m , 
1H, H-1), 2.34-2 . 03(e, 5H, H-2a , a , H-4, H-9' & OH) , 1.67(dd, 1H , 
MS 
4 J=12.9Hz, J
w
=3.2HZ, H-4'), 1.56 (dd, 1H, J=4.4 & 13.2Hz, H-9), 
1.03 & 0.89[both s, 3H each, >C(CH ) ]. 
. 32 
163.90(CI2CHf02-)' 152 .04 (C-7a) , 118 . 72(C-7), 102 . 81(sup., C-5), 
81.14(in, C-3), 76.74(in, C-8 ) , 71.25 & 70 . 75(out, OfH2Cf020), 
64.33(in, CI2fH-), 62.54(out, -CH20H) , 49.87(sup., C-3a), 
# . # # 45.11(out, C-4 ), 41.90(ln, C-1 ) , 40.62(in, C-6 ) , 38 . 75(in, 
# # 
-OS02CH3)' 34 .19 (out, C-2 ), 30 .95(out, C-9 ) , 29 . 55(sup., 
>fMe2), 22 .83 & 22 .28[in, >C(fH 3)2] · 
+ 497«1%, M -1),402(3) , 275(8) ,1 29(78) ,1 28(83) , 96(43) , 
79(51), 54(100). 
,./ 
TBDMSO 170 
* * * * * (1 - R ,3- S , 3a-S , 6-S ,8-R )-1 -( [(tert-Butyld imethylsil yl)oxy ]methyl }-3-
dichloroacetoxy-5,5-(2, 2-dimethyl-1 , 3-propyl enedioxy)-1, 2,3,4,5,6-
hexahydro-8-[(methanesulfonyl)oxy]- 3a , 6-ethano-3aH-indene 170 
The alcohol 169 (133mg , 0. 27mmol) and DMAP (5mg) in a mixture of N,N-
diisopropylethylamine (0.5mL ) and dichloromethane (2mL), was stirred 
overnight with TBDMS chloride (130mg, 0.85mmol) at ambient temperature . 
The mixture was then cooled to O°C and stirred vigorously with saturated 
21G 
aqueous sodium hydrogen carbonate solution, then extracted into 3:1 ethyl 
acetate/hexane. The extract was dried and concentrated to give an orange 
oil which was flash chromatographed to afford the TBDMS ether 170 as a 
colourless oil (132mg, 81%). 
Rf 
1 H NMR 
13C NMR 
0.52 (30% EtOAc in hexane). 
5.94(s, 1H, C1 2CH-), 5.77(dd, 1H, J=2.2 & 6. 8Hz, H-7), 5.15(t, 
1H, J=4.5Hz, H-3), 4.68(m, 1H , H-8) , 3.69-3.26(e, 7H, H-6, 
-C~20TBDMS & OC~2CC~20), 2.98(s , 3H , -OS02CH3)' 2. 89(m , 1H, 
H-l), 2.28-1.91(e, 4H, H-2(l,B, H-4 & H-9'), 1.59(dd, 1H, 
4 J=12.7Hz & J =3.2Hz, H-4') , 1.48(dd, 1H, J=5.2 & 13.1Hz, H-9), 
w 
0.98 & 0.87[both s, 3H each, >C(CH3)2J , 0 . 85[s, 9H, -SiC(CH3)3J, 
0.05 & O.04[both s, 3H each, -Si(CH3 )2J · 
163.90(C12CHf02-)' 151.96 (C -7a), 117.79(C-7), 102 .14 (sup., C-5), 
81.00Cin, C-3), 77 . 47Cin , C-8), 71 . 02 & 70.58(out, 0fH2CfH20), 
64.85(in, -fH20TBDMS ) , 64 . 27(in, C12~H-), 49 . 26(sup ., C-3a), 
46 .11 (out, C-4#), 41.91Cin, C-1 11 ), 40.59Cin, C-6 11 ), 38 . 66(in, 
II II 
-OS02fH 3)' 35.13(out, C-2 ) , 29 . 79(out, C-9 ), 29 . 44(sup. , 
>fMe2) , 25 . 81[in, -SiC(~H3 )3J , 22.75 & 22 . 26[in , >C(~H3)2J , 
18.20(sup., -Si91e3), -5.54[in, -SiCCH3)2 J · 
MeSO,O 0 L od- EtOod-DCAO~~ ____ • HO~O + H0'W0 
TBDMSO/ 
170 
TBDMSO/ 
171 
TBDMSO/ 
172 
Phenyl selenide displacement of the mesylate 170 
A yellow suspension of diphenyl diselenide (17mg , 55~mol) in ethanol 
(0.5mL) was treated with powdered sodium borohydride (6mg , 0.16mmol) at 
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OOC. After 30 minutes, the methanesulfonate 170 (17mg, 28~mol) in ethanol 
(0.5mL) was added to the resulting clear solution and the mixture stirred 
overnight allowing the temperature to rise gradually to room temperature . 
The reaction mixture was quenched with water and extracted into ethyl 
acetate/hexane (3:1) . The extract was dried and concentrated to give a 
yellow solid. Chromatography (MPLC, 30% ethyl acetate in hexane) afforded, 
in order of elution , 
* * * (i) (3-R , 3a-R ,6-S )-1-{[(tert-Butyldimethylsilyl)oxy]methyl}-5 ,5-(2,2-
dimethyl-l,3-propylenedioxy)-2,3,4,5,6,7-hexahydro-3-hydroxy-3a,6-ethano-
3aH-indene 171 as a colourless oil (4.3mg, 38%) . 
0 . 26 (30% EtOAc in hexane) . 
4 . 27(ABq , 2H , J=12 . 8Hz, -C~20TBDMS ) , 3. 87(d , lH, J=5 . 4Hz , H-3) , 
3. 53 & 3. 44(both bs , 2H each , OC~2CC~20), 3. 04(A-part of ABX, 
dd, J =5.4Hz & J B=17 . 1HZ , H-2), 2. 48(B-par t of ABX , d, AX A . 
JBX=O . OHZ & J AB=17.1HZ, H-2') , 2.06- ~ . 18(e, 9H , 4xCH 2 & OH) , 
1 . 08 & 0 . 84[both s , 3H each, >C(CH 3)2] ' 0.90[s, 9H , -SiC(CH 3)3] ' 
0.08 & 0.07[both s, 3H each , -Si(CH3)2] · 
* * * * (ii) (l-R , 3-S ,3a-S ,6-S ,8-~ )-1-{[(tert -Butyldimethylsilyl)oxy]methyl}-
5,5-(2,2-dimethyl-1,3-propylenedioxy)-8-ethoxy-l,2,3,4,5,6-hexahydro-3-
hydroxy-3a,6-ethano-3aH-indene 172 (6 .2mg, 49%). 
0.18 (30% EtOAc in hexane) . 
5 .78(dd , lH , J=2 . 2 & 6. 6Hz, H-7), 4.06(t, lH, J=4 . 1Hz , H-3), 
3.77-3.31(e, 10H, H-6 , H-8 , OC~2CC~20, -C~20TBDMS & -OC~2CH3) ' 
2.92( m, lH, H-l), 2. 21-1 .4 2(e , 7H , 3xCH2 & OH) , 1.23(t, 3H , 
J=8.0Hz, -OCH2C~3 ) ' 1.03 & 0 . 89[both s , 3H each, >C(CH 3)2] ' 
0.91[s, 9H, -SiC(CH
3
)3] ' 0.05 & 0 . 04[both s, 3H each, Si(CH3)2]· 
152.04(C-7a), 118.78(C-7) , 103.60(sup ., C-5), 78 . 25(in , C-3) , 
75 .95( in , C-8) , 71.04 & 70 .6 9(out , 0~H2C~H20) , 65 .58 (out, 
-0~H2Me#), 64 . 65(out , -~H20TBDMS#), 50 . 14( sup., C- 3a) , 
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47.30(out, C-4"), 41.99(in, C-6"), 39 . 19(in, C-1") , 38.63(out, 
MS 
II II C-2 ) , 30.05(out, C-9 ), 29 . 58(sup., >~Me2) ' 25.93[in, 
-SiC(~H3)3J, 23.07 & 22 . 48[in, >C(~H3)2J , 20 . 10(sup. , -Si~Me3) ' 
15.45(in, -OCH2~H3)' -5.34[in, -Si(CH 3)2]' 
+ 452(3%, M ), 406(9), 349(11), 278(6), 261(7) , 129(95), 128(100). 
I 
AcO 'r--rC~t'f 0 
------~.- ~ + 
AC0lyEf0 
C02Me I 
173 b 
* * * * * (l-R ,3-R , 3a-S ,6-S ,8-R )-Methyl 3-acetoxy-1,2,3,4,5,6-hexahydro-8-iodo-
5-oxo-3a,6-ethano-3aH-indene-1-carboxylate 173a and 
* * * * * the 1-R ,3-R , 3a-R ,6-S ,8-S epimer 173b 
A mixture of the alcohol 72a (15mg, 0.05mmol) and methanesulfonyl 
chloride (l2mg, 8~L, O.lmmol) in dry pyridine (lmL) was stirred under 
nitrogen at ambient temperature for 2 .5 hours . The reaction mixture was 
then cooled to OoC, quenched by dropwise addition of water and extracted 
with ethyl acetate. The extract was washed with aqueous 10% sodium 
hydrogen carbonate solution, water and brine sequentially , then dried. 
Evaporation of the solvent gave a pale yellow oil which was filtered 
through a plug of silica gel with ethyl acetate and the solvent was removed 
* * * * * to provide the (l-R , 3-R ,3a-R , 6-R ,8-S ) -Methyl 3-acetoxy-1,2,3 , 4,5 , 6-
hexahydro-8-[(methanesUlfonyl)oxy]-5-oxo-3a ,6-ethano-3aH-indene-1-
carboxylate as a colourless syrup (17mg, 90%). 
21 9 
0 . 58 (75% EtOAc in hexane) 
5. 96(dd, 1H, J=2 . 2 & 6. 8Hz , H-7) , 5 . 34(t , 1H, J=5 . 5Hz , H-3), 
5 . 09(m, 1H , W1/2 =13 .2Hz , H-8) , 3.73overlapping(m , 1H, H-1), 
3.72(s , 3H, -C02CH 3), 3.60(dd, 1H, J=3.7 & 6.8Hz , H-6), 3. 05(s, 
3H , -OS02CH3) ' 2 . 61-1 . 74 ( e, 6H, 3xCH2), 2.11(discernible s, 3H, 
H3CC02-) . 
A mixture of the methanesulfonate (26mg, 0.07mmol) and sodium iodide 
(32mg , 0 . 21mmol) in acetone (1 . 5mL) was heated under reflux overnight. The 
mixt ure was cooled , diluted with ethyl acetate , washed sequentially with 
water , aqueous 10% sodium bisulfite solution and brine, then dried. 
Evaporation of the solvent afforded a viscous oil (27mg, 96%) . Analysis of 
the proton NMR s pectrum of the oil revealed that it consisted of a 6 :4 
mixture of 173a and 173b. MPLC(50% ethyl acetate in hexane) of the mixture 
afforded a few pure fractions of each epimer f or spectroscopic analysis , in 
order of elution: 
MS 
rodi de 173a 
0 . 70 (50% EtOAc in hexane) 
6 . 11(dd , 1H , J=1.5 & 6 . 3Hz , H-7) , 5 . 32(t, 1H , J=5 . 4Hz, H-3) , 
4 . 25 (m , 1 H, H - 8) , 3 . 7 9 (m , ~ H, H -1) , 3 ~ 7 3 (s, 3 H, - CO2 CH 3) , 
3.59(dd , 1H , J=2 . 2 & 6. 3Hz, H-6) , 2. 60-1 . 88(e , 6H , 3xCH2), 
2. 10(discernible s , 3H , H3CC02-) · 
405(22% , M++1) , 373(4) , 345(15),277(5) , 245(64) , 217(13) , 
175(66) , 143(23) , 115(100) , 43(21) . 
(i i ) rodi de 173b 
0 . 58 (50% EtOAc in hexane) 
6 . 07(dd , 1H , J=2 . 4 & 6 . 8Hz , H-7) , 5.31(t , 1H , J=5 . 4Hz , H-3), 
4. 07(m , 1 H, W1 /2=17 . 3Hz , H-8) , 3 . 750verlapping(m, 1 H, H-1) , 
3 . 71( s, 3H , -C02CH 3) , 3. 52(dd , 1 H, J=3.1 & 6. 8Hz, H-6) , 2.66-
2 . 03(e , 6H, 3xCH2) , 2. 10(di s cer ni ble s, 3H , H3CC0 2-) . 
MS + 405(1%, M +1) , 373(2) , 345(3),277(12),245(62),217(27), 
175(70 ) ,143(29),115(100),43 (35) . 
I 
ACO~O 
.. 
22C 
Deiodination of the keto iodide 173 
A mixture of the iodide 173 (22mg, 54~mol), tributyltin hydride (24mg, 
22~L , 82~mol) and AlBN (-1mg) in benzene (1 .5mL ) was heated under reflux 
overnight in a nitrogen atmosphere . After cooling, the solvent was removed 
and the residue was flash chromatographed (50% ethyl acetate/he xane) to 
* * * * afford (1-R , 3-R ,3a-R , 6-S )-Methyl 3-acetoxy-2,3,4,5,6,7-hexahydro-5-oxo-
1H-3a,6-methanoazulene-1-carboxylate 175 as a colourless oil (12mg , 79%) . 
Rf 
lR 
1H NMR 
0 . 55 (50% EtOAc in hexane) . 
-1 1730-1750(s) cm . 
5 . 61Cm, 1H, H-8), 5.32(d , 1H , J=3 . 9Hz , H-3)' 3. 72(s , 3H, 
-C0
2
CH
3
) , 3.65 (m , 1H, H-1), 2. 71Cm , 1H , H-6), 2.74-1.83(e , 8H , 
4xCH 2 ) , 2.07(discernible s, 3H, CH 3C0 2-) · 
II # 209 .68(C-5), 173.15(-~02Me ) , 170 . 00(Me~02- ) , 146 . 23(C-8a), 
118 . 29(C-8) , 78 . 72Cin , C-3) , 52.32Cin , -C02~H3 ) ' 52.00(sup ., 
C-3a) , 51.89(out , C-4 f1 ) , 46.1 1(in , C-1#) , 45.32Cin, C_6 ff ) , 
33 .99(out , C-9 f1 ) , 33.93(out , C-7#) , 31 . 45(out, c-l) , 20.97U;', 
~H3C02 -) . 
MS 246(15% , M+-32), 218(20) ,1 76(100),159(20),117(67). 
+ + ClMS 296(89% , M +18) , 279(100% , M +1) . 
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DCAO~~ ________ ~._ 
* * * * * (1-R ,3-R , 3a-R , 6-R , 8-S )-Methyl 3-dichloroacetoxy-5 , 5-(2 , 2-dimethyl-1,3-
propylenedioxy)- 1, 2, 3 , 4, 5 , 6-hexahydro-8-methoxalyl-3a , 6-ethano-3aH-indene-
1-carboxylate 119 
A solution of the alcohol 129 (24mg , 53~mol ) and DMAP (-1mg ) in dry 
pyridine (0.5mL) was treated with methyl oxalyl chloride ( 20mg , 15~L , 
160~mol) under nitrogen . After stirring for 30 minutes at ambient 
temperature , the mixture was cooled to O°C and quenched by dropwise 
addition of aqueous 10% sodium hydrogen carbonate solution , then extracted 
i nto ethyl acetate/hexane (3 :1). The extract was dried and concentrated to 
yield a yellow oil which was flash chromatographed ( 30% ethyl acetate in 
hexane) to afford the oxalate 119 as a colourless oil (27mg , 94%) . 
Rf 
I R 
~ H NMR 
13C NMR 
0 . 69 (50% EtOAc in hexane) . 
1765( s ) , 1740(s) cm- 1 
6 . 02(dd , 1H , J=2 . 4 & 7 . 1Hz , H-7) , 5 . 95 (s , 1H , C1 2CH - ) , 5 . 30 ( t , 
1H, J=4 . 5Hz , H-3), 4. 86 (m, 1H , H-8 ) , 3. 89(s , 3H , -02CC02CH3 ) ' 
3 . 77(dd, 1H , J=2 . 7 & 7. 1Hz , H-6) , 3 . 73 (s, 3H , -C02CH 3) , 3. 70 
overlapp i ng( m, 1H , H-1), 3 . 61-3 . 32 (m, 4H , OC~2CC~20) , 2. 52(m , 
1H, H-2), 2. 30-2 . 09(e , 3H , H-2 ', H-4 & H-9 ' ) , 1.69(dd , 1H, 
4 J =12 .9Hz , J =3 . 2Hz , H-4 ' ) , 1.48(dd , 1H, J=4 . 9 & 13 . 2Hz , 
w 
H-9) , 1. 03 & 0.85[both s , 3H each , >C(CH3)2 J· 
171 . 52(-~02Me) , 163 . 78(C12CH~02-) ' 158 . 20 & 157 . 73(-02CC02Me) . 
147.66 (C-7a) , 120 . 30(C-7) , 102 . 28(sup ., C-5) , 80 . 56(in , C-3) , 
74.08 (i n, C-8) , 71. 28 & 70 . 81(out , O~H2C~H20) , 64 . 21 (in , 
MS 
HRMS 
2 22 
C12~H-), 53.3S( in , -02CC02~H311) , 52.27(in, -C02~H311) , 
49.03(sup., C-3a), 46.54(out, C-4 11 ) , 44.3S(in, C-1'f), 3S.9S(in , 
II II If C-6 ) , 34.S3(out, C-2 ), 29.7S(out, C-9 ) , 29 . 52(sup ., >~Me2) ' 
22.S6 & 22 . 37(in, >C(~H3)2J . 
+ 475(1%, M -C02CH 3), 431(2), 407(5) , 303(2), 175(S) , 12S(100), 
115(21). 
requires 475 . 0926 found 475 . 0926 
• C02Me 
Attempted deoxygenation via the oxalate intermediate 179190 
A mixture of the dichloroacetoxy oxalate 179 (25mg , 47~mol), AIBN 
(-1mg) and tributyltin hydride (6Smg, 63~L, 0 . 23mmol) in dry toluene (1mL) 
was purged with nitrogen for 5 minutes , then heated under reflux . After 15 
minutes, TLC analysis of the reaction mixture indicated that the starting 
material had disappeared to give a single, slightly more polar spot 
(Rf=0.54)~ The mixture was cooled and concentrated . Flash chromatography 
(50% ethyl acetate in hexane) of the residue afforded a colourless oil 
which was identified to be the acetoxy oxalate 180 (contaminated with a 
small amount of tributyltin hydride residue) . 
1 H NMR 5.9S(dd, 1H, J=2 . 4 & 7.1Hz , H-7), 5 . 21(t, 1H, H-3), 4.S3(m, 1H, 
H-S), 3.S9(s, 3H, -02CC02CH3), 3. 75(e, 6H, H-1 , H-6 & 
OC~2CC~20), 3.71(s, 3H , -C02CH 3), 2. 43(m , 1H, H-2), 2.20-0.S6(e, 
H-2 ', H-4u,e, H-9u,e & Bu
3
SnH residue) , 2. 06(discernible s, 3H , 
H
3
CC02-) , 1.02 & 0.S6[both discernible s , 3H each , >C(CH 3)2 J · 
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The ace toxy oxalate 180 from above was dissolved in dry toluene (1mL) 
and heated under reflux with AIBN (-1mg) and tributyltin hydride (41mg , 
38~L , 0.14mmol) for a total of 21 hours . Af ter cooling and removing the 
solvent, the residue was flash chromatographed (50% ethyl acetate in 
* * * * * hexane) to furnish (1-R , 3-R , 3a-R , 6-R , 8-S )-methyl 3-acetoxy-5 , 5-(2 , 2-
dimethyl-1,3-propylenedioxy)-1 , 2, 3 , 4,5,6-hexahydro-8-hydroxy-3a , 6-ethano-
3aH-indene-1 - carboxylat e 181, contaminated with a small amount of 
tributyltin hydride residue, as a colourless oil (10mg , -55%) . 
MS 
HRMS 
DCAO 
75 
0.42 (50% EtOAc in hexane ) . 
3500(b) and 1738(s) cm- 1. 
5.99(dd, 1H, J=2 . 2 & 6 . 8Hz , H-7), 5 . 24(t , 1H, J=5 . 0Hz , H-3), 
3.79-3.30(e, 6H , H-1, H-8 & OC~2CC~20) , 3. 70(discernible s, 3H , 
-C02CH 3
) , 3 . 00(dd , 1H, J=2 . 3 & 6 . 8Hz , ' H-6), 2 . 43(m , 1H, H-2 ) , 
2 . 21-0 . 86(e, 5H , H-2 ', H-4a ,S, H-9a,S & Bu 3SnH residue), 
2 . 07(discernible s , 3H , H3CC02-), 1.1 2 & 0 . 80[both discernible 
s, 3H each , >C(CH 3)2] ' 
380(1% , M+), 337(1) , 321(3) , 235(2) , 175(17) , 129(33) , 128(100), 
115(10),43(35) . 
requ ires 380 . 1835 found 380 .1 834 
OH OH 
HO 
184 185 
Reduction of the dichloroace toxy al dehyde 75 
The dichloroace toxy aldehyde 75 (189mg, 0 .46mmol) was dissolved in a 
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mixture of methanol (10mL) and ether (3mL), and cooled to O°C . To the 
solution, powdered sodium borohydride (53mg, 1.39mmol) was added and the 
mixture was stirred for 10 minutes. After dilution with ethyl acetate , the 
mixture was cautiously quenched with water. The organic layer was washed 
with water then brine, dried and concentrated to afforded an oil . Flash 
chromatography of the oil provided, in order of elution, 
* * * (i) (2-~,3a-R ,5-R ,9a-R )-Methyl 8,8-ethylenedioxy-1,2,3a,4,5,7,8,9-
octahydro- 2-hydroxy-indeno[1 ,7a-b]furan-5-carboxylate 184 as a colourless 
oil (28mg, 20%). 
0.39 (75% EtOAc in hexane ) . 
5.59(d, 1H, J=4.8Hz, H-2), 5.29 (m , 1H, W1!2=10.0HZ, H-6 ) , 
4.40(t, lH, J=3.4Hz, H-3a), 3.97(m , 4H , OC~2C~20) , 3. 74(s, 3H , 
-C02CH 3), 3.48(m, lH , H-l), 2.83(b, 1H, exch ., OH) , 2.75-1.69(e , 
8H , 4xCH 2). 
173 .0 3( -~02Me) , 143 . 28(C-5a) , 116.10(C -6 ) , 108 . 27( sup., C-8) , 
99.98(in, C-2), 87.10(in, C-3a), 64 .33 & 63 . 98(out, O~H2~H20 ) , 
51.83(in, -C02~H3 ) ' 46.78(sup ., C-9a) , 45 . 43(in , C-5 ) , 
43.89(out, C-7#), 40 . 50(out , C-9#), 36 . 03(out , C-l#), 35 . 77(out , 
C-4#) . 
* * * (ii) (1 R ,3 R ,3a-R )-Methyl 5,5-ethylenedioxy-3a,4 , 5,6-tetrahydro-3-
hydroxy-3a-(2-hydroxyethyl )-indene-l-carboxyl ate 185 as a colourless oil 
( 94mg, 70%). 
Rf 
1 H NMR 
0.10 (75% EtOAc in hexane) . 
5.40(m, 1H, W1/2 =10.5Hz, H-7), 3.97-3.80(e, 7H , H-3, -C~20H & 
OC~2C~20), 3.72(s, 3H, -C02CH 3), 3. 60(m , 1H, H-l), 2.4 8-1 .5 2(e , 
8H, 4xCH2). 
174.38(-~02Me), 142 . 55(C-7a), 117.44(c-7), 108.42(sup., C-5), 
79.74(in, C-3), 64.62 & 63.86(out, O~H2~H20 ) , 58 . 50(out, ~H20H), 
52.00(in, -C02~H3)' 48.91Csup ., C-3a), 42 .98(in, c-l), 
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38 69 ( C- 611 ), 6 (II If . out, 3 .21 out, c-4 ), 34.19(out, -~H2CH20H ), 
33.84(out, C-2 11 ). 
MS + 298(lS%, M ), 280(S) , 239(S) , 221(6),194(3),87(92),86(100) . 
OH 
HO 
185 186 
* * * (3a-R , S-R , 9a-R )-Methyl 8,8-ethylenedioxy-l,2,3a,4,S,7,8,9-octahydro-
indeno[1,7a-b]furan-S-carboxylate 186 
A solution of the diol 185 (S7mg, 0 . 19mmol ) in pyridine ( lmL ) was 
treated with benzenesulfonyl chloride (68mg , 49~L, 0.38mmol) at room 
temperature . After stirring for one hour, the reaction mixture was 
quenched with water and extracted with ethyl acetate/hexane (1 :3 ) . The 
extract was dried and concentrated to give a yell ow oil . After filtering 
through a pad of silica gel with SO% ethyl acetate in hexane and 
evaporating the solvent , the cyclic ether 186 was obtained as a colourless 
oil (SOmg, 93%), which solidified on standing . An analytical sample was 
prepared by recrystallisation from petroleum spirit (40-60) as colourless 
needle-shaped crystals. 
m. p. SO-Sl°C . 
Rf 
1 H NMR 
13C NMR 
0.6S (7S% EtOAc in hexane) . 
S. 30(m, lH , W1/ 2=9 . SHZ, H-6), 4. 06-3.S8(m, 8H, H-3a, H-S, H-2a , B 
& OC~2C~20) , 3.74(discernible s, 3H, -C02CH 3), 2. S4-1 . 6S(m , 8H , 
4xCH2 ) . 
173 . 1S(-~02Me), 143 . 40 (C -Sa) , 11S.9S(C-6), 108.36(sup . , C-8), 
87 . 63(i n , C-3a), 68. 21(out, C- 2) , 64 . 41 & 64 . 00(out , O~H2~H20), 
S3 . 1 4(sup ., C-9a) , S1 . 77(in , -C02~H3)' 46 . 08(in, C-S) , 
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4 II II II 0 . 15(out, C-7 ) , 38.34(out , c-9 ) , 36 . 06(out, C-1 ) , 35 . 97(out, 
C-·4 11 ) . 
MS + 280(31%, M ), 221(15) , 87(100), 86(79) . 
HRMS requires 280 . 1311 found 280 . 1299 
HO DCAOWO 
* * * * * 
.. 
AcO DCAOWO 
(l-R ,3-R ,3a-R ,6-R ,8-S ) -Methyl 8-acetoxy-3-dichloroacetoxy-
1 ,2 , 3,4 , 5,6 , -hexahydro-5-oxo-3a,6-ethano- 3aH-indene-1-carboxylate 191 
A solution of the alcohol 76 (200mg , 0 . 55mmol) , DMAP (10mg) and acetic 
anhydride (84mg , 78~L , 0.83mmol) in dry dichloromethane (5mL) and pyridine 
(lmL) was stirred under nitrogen for two hours at ambient temperature. The 
reaction mixture was then cooled to OoC, quenched by dropwise addition of 
water , and diluted with ethyl acetate . The organic layer was washed 
sequentially with water and brine , then dried. Evaporation of the solvent 
furnished a yellow oil which was eluted through a pad of silica gel with 
50% ethyl acetate in hexane. On removal of the solvent, the acetate 191 
-
was obtained as a colourl ess oil (21 4mg, 96%) . 
Rf 
IR 
1 H NMR 
0 . 54 (50% EtOAc in hexane) . 
1770-1720(s) cm- 1. 
6 . 04(s , lH , C1 2CH-) , 6 . 030verlapping(m, lH , H-7), 5 . 43 ( t , 1H , 
J=5 . 1Hz , H-3) , 5 . 10(m, lH, H-8 ) , 3 . 79(m, 1H, H-l), 3 . 73(s , 3H , 
-C0
2
CH
3
) , 3. 46(dd , 1H , J=3.9 & 6. 8Hz, H-6) , 2.69-2 . 00(e , 5H, 
II H-2a , B, H-4a,B & H-9') , 2. 02(discernible s, 3H, H3CC0 2-), 
II 1. 56(dd , lH , J=2 . 4 & 13 . 4Hz, H-9 ) . 
MS 
HRMS 
227 
206.26(C-5), 171.25(-~02Mell), 170.09 ( Me~02-1I), 163.87(C12CH~02) ' 
152.22(C-7a), 116.86 (C-7) , 80.15(in, C-3), 70.11(in, C-8) , 
64 . 15(in, C12~H- ), 53.87 ( in, C-6 ) , 52.47(in, -C02~H3 ) ' 
50.63(sup., C-3a), 44.38(in, C-1 ) , 42.60(out, C-4), 34 .98 (out, 
II II C-2 ), 33.23(out, C-9 ) , 21.02(in, H3~C02-). 
+ 404«1%, M ),362(3),303(5) ,191(10),190(15) ,1 75(100) , 
174(48),115(43),59(5),43(20). 
requires 404.0430 found 404.0429 
AcO 
DCAO~O DCAO~! 
* * * * * (1-R , 3-R ,3a-R ,6-R ,8- S ) -Methyl 8-acetoxy-3-dichloroacetoxy-5 ,5-
ethylenedithio-1,2,3,4,5,6-hexahydro-3a,6-ethano-3aH-indene-1-carboxylate 
A mixture of the enone 191 (80mg, O. 2mmol), 1,2-ethanedithiol (37mg, 
33~L, 0.4mmol) and boron trifluoride etherate (42mg , 36~L, 0 . 3mmol) in 
dichloromethane (2mL) was stirred at ambient temperature for 18 hours. 
After removal of the solvent, the residue was flash chromatographed (30% 
ethyl acetate in hexane) to afford the dithiolane 193 as a viscous oil 
(85mg,89%). 
Rf 
IR 
~ H NMR 
0.70 (EtOAc in hexane). 
1764(sh) and 1738(s) -1 cm 
6.29(dd, 1H, J=2 . 0 & 6.8Hz, H-7), 5.97(s, 1H, C1 2CH-) , 5.28(t, 
1H, J=5 . 0Hz, H-3), 4.87(m, 1H, H-8), 3.76(s, 3H, -C02CH3), 3 .70 
partially overlapped(dt , 1H, J=2.0 & 7.8Hz, H-1), 3.36-3.06(e, 
MS 
HRMS 
22£ 
5H, H-6 & SC!!2CE!2S) , 2.73(d, 1H , J=13.7Hz, H-4), 2.57(m, 1H, 
4 H-2), 2.37(dd, 1H, J=13.7Hz & J
w
=3.2HZ, H-4 ' ) , 2.27-1.95(e, 2H, 
H-2' & H-9'), 2.11(discernible s, 3H, H3CC0 2-), 1.40(dd, 1H, 
J=3.2 & 13.2Hz, H-9). 
II II 171.52(-~02Me), 170.73 (Me~02-)' 163.84(C12CH~02-) ' 148.30 
(C-7a), 125.32(C-7), 81.12(in, C-3), 71.22(in, C-8) , 68 . 65(sup., 
C-5), 64.21(in, C12~H-), 55 . 62(out, C-4#), 52.27(in, -C02~H3)' 
49.23(sup., C-3a), 48.62(in, C-6#), 44.56(in, C-1#), 40.82 & 
37.40(out, S~H2~H2S#), 34.78(out , C-2 11 ), 32 . 47(out, C-9#), 
21.72(in, ~H3C02-)' 
+ 480(2%, M), 174(20%),119 (45%) ,118(100),115(25),59(6 ) , 
43(48) . 
requires 480 . 0235 found 480 . 0250 
AcCS~ 
DCAO~S) 
* * * * * (l-R ,3-R ,3a-R ,6-R ,8-S )-Methyl 8-acetoxy-5 , 5-ethylenedithio-
1 ,2, 3,4,5 ,6-hexahydro-3-hydroxy-3a , 6-ethano-3aH-indene-1-carboxylate 194 
The dichloroacetate 193 (58mg , O.l 2mmol) in a mixture of 
methanol/water /triethylamine (lmL/0 . 2mL/0 .1mL ) was stirred for 3 minutes at 
00C. After removal of most of the solvent, the residue was dissolved in 
ethyl acetate/hexane (1 :1) and the solution was saturated with sodium 
sulfate. The organic phase was decanted and dried over sodium sulfate 
again. Evaporation of the solvent gave a yellow oil which was eluted 
through a pad of silica gel with ethyl acetate. On removal of the solvent, 
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the hydroxy dithiolane 194 was obtained as a syrup (42mg, 94%). 
Rf 
IR 
1 H NMR 
MS 
0.31 (50% EtOAc in hexane) . 
3605( w), 3440(b) and 1729(s) cm- 1. 
6.22(dd, lH, J=2.0 & 6.7Hz , H-7 ) , 4.86(m , 1H , H-8), 4. 23(t , 1H , 
J=5.2Hz, H-3), 3. 73(s , 3H, -C02CH 3), 3. 67 partially overlapped 
(dt , 1H , J=2.0 & 7. 3Hz , H-1), 3.36-3 . 05(e, 5H , H-6 & SC~2C~2S) , 
2.62(d, lH, J=13.4Hz, H-4), 2. 41(m, 1H , H-2), 2. 25(dd, 1H, 
4 If J=13.4Hz & J =3.3Hz, H-4') , 2.1 4-1.98(e , 2H , H- 2 ' & H-9'), 
w 
2.12(di scernible s, 3H each , H3CC0 2-), 1.40(dd, 1H, J=3.3 & 
# 13.3Hz, H-9) . 
If # 172.45(-~02Me ), 170 . 93(Me~02 - ), 149 . 91(C-7a) , 124 . 65(C-7), 
75 . 86(in , C-3), 71.92(in , C-8) , 69.18(sup ., C-5) , 55 . 95(out , 
C-4#) , 52.00(in, -C02~H3) ' 49 . 55(sup ., C-3a) , 48 . 71 (in , C-6") , 
. If " # 44.39(ln , C- 1 ) , 40 . 74(out, SCH2 ) , 37.79(out , C-2 ) , 37 . 35(out , 
S~H/ ) ' 32 .1 5(out, C-9), 21.73(in, ~H3C02-) ' 
+ 370«1%, r1 ),192(25) , 132(38) , 119(63) , 118(100),59(5) , 
43(25) . 
AcO 
.. 
HOUj 
* * * * * (1-R ,3-R , 3a-S , 6-R ,8-S )-Methyl 8-acetoxy-l , 2, 3, 4,5 , 6-hexahydro-3-
hydroxy-3a,6-ethano-3aH-indene-1-carboxylate 195 
A mixtur e of the hydroxy dithiolane 194 (38mg, 0 .1mmol) , AIBN (-1mg) 
and tributyltin hydride (145mg, 135~L , 0.5mmol) in dry benzene (1.5mL) was 
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pur ge d with dry nit rogen for 5 minutes , then heated under r ef lu x under 
ni t r ogen. Af ter 1. 5 hours , most of the starting mat eri al had r eact ed as 
shown on TLC , resulting in two new spots with Rf =0 .55 (m ajor ) and Rf =0 . 38 
(minor) . As reaction proceeded , the amount of the mor e pol ar com ponent 
increas ed at the expense of the less polar one ( TLC ) . After a t otal of 10 
hours , the solution was cooled and the solvent was eva por at ed . The resi due 
was flash chromatographed (50% ethyl acetate in hexane ) t o afford the 
alcohol 195 as a col ourless s yrup (22mg, 76% ) . 
Rf 
IR 
1 H NMR 
MS 
HRMS 
0 . 38 (50% EtOAc in hexane) . 
3605( w) , 3480(b) , 1727 (s) cm- 1. 
6 . 00(dd , 1H , J=2 . 2 & 6 . 8Hz, H-7 ) , 4. 72( m, 1H, H-8) , 4. 20( m, 1H , 
H-3) , 3 . 72 (s , 3H , -C02CH 3) , 3 . 67 overlappi ng (m, 1H, H- 1) , 
2 . 78(m , 1H , H-6 ) , 2. 38 (m, 1H, H- 2) , 2 . 10-1.11 (e , 7H, H- 2 ', 
H- 4a , S, H-5a , S & H-9u, S) , 2. 05(di s cernible s , 3H, H3CC0 2- ) · 
~73 . 38 ( -f.02Me#) , 170 . 99(Mef.° 2- ") , 149. 30(C- 7a) , 121. 91(c - 7) , 
76.4 10n , C- 3) , 73 . 05(in , C- 8) , 51 . 920 n , - C02f.H3) , 48 .4 4( sup., 
C-3a) , 44 . 650n , c - 1) , 38 . 25(out , c-l) , 35 . 97(i n , C- 6) , 
32 . 56(out , C-9#) , 30 . 54 (out , C-4 #) , 21. 34( in, H3f.C02- ) , 
19 . 65(out , C-5#) . 
280«1% , M+) , 221(2) , 220( 5) , 194( 100) , 161(10) , 43(35) . 
requir es 280 . 1311 found 280 . 1323 
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APPENDIX 
X-Ray Crystallographic Data for Dienone 64 
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X- ray Anal ysis . A cross-section was cleaved from a needle of C 8H 40 125 
and mounted on the end of a quartz fibre. X-ray photographs revealed only 
1 Laue symmetry, indicating that the space group was either Pl or Pl. 
Successful solution and refinement of the structure establishes it to be 
Pl. The crystal was transferred to a Philips PW 1100/20 diffractometer 
using Mo Kn radiation. Unit cell dimensions were determined by least-
squares analysis of the setting angles of 25 reflections ( 340 < 20 < 40 0 
which were accurately centered on the counter . Crystal data are given in 
Table I. The intensities of reflections ±~,±~,~ were collected as outlined 
in Table II. Three standards measured at intervals of 2 hours showed no 
significant decrease in intensity during data acquisition. No absorption 
correction was applied to the data in view of the low value of ~. 
The structure was solved using MULTAN80. Ref . 1 Most of the non-H atoms 
were located in the ~-map and the remainder were found in a subsequent 
difference electron-dens ity map. They were refined by block-diagonal 
least-squares, originally with isotropic and later anisotropic temperature 
factors . The non-methyl H atom coordinates were calculated geometrically 
and methyl H atoms were located in difference electron-density maps. They 
were assigned isotropic temperature factors set at 1.2 times B of the 
- eq 
respective atoms to which they were bonded . H atom coordinates were 
refined in subsequent cycles (except for the H atoms of C(18) whi ch did not 
refine sensibly and so wer e held fixed at idealized geometry about C(18)) , 
along with the positional and thermal parameters of the C and 0 atoms. 
Refinement was continued using full-matrix least-squares until all 
shift/error ratios were <0 . 1. 
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Least- squares refinement was performed minimising the function L~(IIol 
- IIc l )2 , where ~ = 1 in the early stages and ~ = 1/[(o(I))2 + 0.25(pF)2] 
i n the f inal cycles . The parameter p was varied to give a minimum 
variati on in average w(IF I - IF 1)2 as a function of F and (sinB)/A 
- -0 -c -0 
(final £ = . 044) . The biggest features in a final difference map were in 
-3 the vicinit y of C(18) and were <0 . 15eA . Neutral-atom scattering factors 
Ref. 2 
with anomalous dispersion corrections were used throughout. Computer 
Ref.3 8 programs were run on a UNIVAC-11001 2 computer. 
Final atomic parameters are given in Tables III-V and selected 
interatomic distances and angles in Table VI . An ORTEP diagram
Ref
.
4 
of the 
molecule showing the atomic labelling is given in Figure 1. 
Ref erences. 
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Figure 1. A view of the C'8H2505 mol ecule showing the atom-labelling 
scheme. Thermal ellipsoids enclose 50% probability levels except for 
the hydrogen atoms which are drawn as spheres of arbitrary radius. 
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Table I. Crystal Data 
formula C18 H24 °5 
fw 320 . 39 
eryst. system trielinie 
space group Pl 
-
~, A 13 . 745(1) 
b, A 11.045(1) 
e , A 5. 758(1) 
a , deg 77 . 525(6) 
8, deg 82 . 809(5) 
Y, deg 88. 749( 8) 
V, A3 846.78 
Z 2 
Peale ' g em-
3 1. 256 
-1 0. 849 \1, em 
Table II. Data Collection and Refinement. 
diffr actometer Philips PW 1100/20 
radiation Mo Ka , graphite monochromator 
A of radiation, A 0.70930 (a 1 ) 
scan mode 9-29 
9 scan width, deg 0. 9 + 0.346 tan9 
-1 9 scan speed, deg min 1. 0 
background stationary counts of 20s at each side 
of ever y scan 
crystal size, mm 0 . 23 x 0.09 x 0 . 43 
29 range, deg 
total no. reflns 
obs. reflns a 
no . variables 
final R b 
-F 
final R d 
-wF 
final GOF e 
3 - 43 
1945 
1566 
271 
0.038c 
0 . 050 c 
1.79c 
a Reflections with I > 30(1) 
b ~F = LIIIaI - IIc l1 / lfal 
c Observed reflections only . 
d R [Lw(IF I - I Ic I ) 2 / L~I fa 12] 1/2 
-wF - -0 
e GOF CLw(IF I - IIc l )2/(no. obs - no . 
- -0 
vars)] 1/2 
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Table III. Final Coor di nates for Non- Hydrogen Atoms of C H 0 18 24 5· 
Atom x/a r/~ z/c 
C( 1) 0. 21 45( 2) 0. 3222(2) 0. 0812(4) 
C( 2) 0 . 1441(2) 0 . 4213(2) -0 . 0216(4) 
C (3) 0. 1469(2) 0.5303 (3) 0. 0947(6) 
C ( 4) 0 . 2204(2) O. 4972( 2) 0 . 2771(4) 
C(5) 0. 281 3( 2) 0 . 3965(2) 0.1864(4) 
C( 6) 0 . 3766(2) 0 . 3807(2) 0 . 1736(5) 
C (7) 0 . 4303(2) 0. 2865(3) 0. 0568(9) 
C(8) 0. 3662(2) 0 . 2015(2) -0 . 0328(5) 
0(9) 0. 4215(1) o. 1603( 2) -0 . 2274(4) 
C(10) 0 . 3913(3) 0. 0372(3) -0 . 2172( 8) 
C (11) 0 . 3415(3) -0 . 0060(3) 0. 0275(8) 
O( 1 2) 0 . 3476(1) 0. 0925(2) 0.1467(4) 
C(13) 0.2721 (2) 0 . 2625(2) -0 . 1100(5) 
C ( 14) 0. 1544(2) 0 . 2275(3) 0. 2886(5) 
C( 15) 0. 0693(2) 0 . 1679(2) 0 . 2190(5) 
C ( 16) - 0 . 0234(2) 0 . 1682(2) 0. 3132(5) 
C(17) -0 . 1008(2) 0. 1019(3) 0 . 2288(7) 
C (18) -0 . 0600(2) 0. 2346(4) 0. 5058(6) 
O( 19) 0. 0949(1) 0. 4145(2) -0 . 1792(3) 
C(20) 0. 280 1 (2) 0 . 6032(2) 0 . 3019(5) 
O( 21) 0 . 3018(1) 0 . 6938(2) 0 .1 499(4) 
0(22) 0 . 3089(1) 0 . 5850 (2) 0. 5198(3) 
C (23) 0. 3676(3) 0 . 6815(4) 0 .5680(7) 
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Table IV. Anisotropic Temperature Factors (.8. 2) for C18 H24 05· 
a 
Atom !!11 !!22 !!33 !!12 !!13 !!23 
C( 1) 0.031(1) o. 039( 1) 0.032(1) -0.002(1) -0 . 005(1) -0 . 007(1) 
C(2) 0.027(1) 0.055(2) 0 . 032(1) -0.002 (1) 0.001(1) -0 . 009(1) 
c(3) 0.039(2) 0.058(2) 0.057(2) 0 . 010(1) -0 . 012( 1) -0.021(1) 
C(4 ) 0.036(1) o. 049( 1) 0 . 032(1) -0.002(1) -0.002(1) -0.011(1) 
C( 5) 0.034(1) 0.037( 1) 0 .031(1) 0.000(1) -0 . 006( 1) -0.004(1) 
C(6) 0.037(2) 0.046( 2) 0 . 075(2) -0.003 ( 1) -0 . 017(1) -0.024 (1) 
cO) o. 040( 2) 0.067(2 ) 0 . 138(4) 0 . 012(1) -0.020(2) - 0 . 053(2) 
C(8) o. 043( 1) 0. 041 (1) 0 . 061(2) 0 . 003(1) -0 . 007( 1) -0 . 017(1) 
0(9) 0.057(1) 0.060( 1) 0 . 084(2) 0 . 010(1) 0 . 004 ( 1 ) -0.032(1) 
C(10) o . 092( 3) 0.064 (2) 0.099(3) 0 . 018(2) -0 . 029(2) -0. 044(2) 
C( 11) 0.1 02( 3) 0.045(2) 0 . 111(4) - 0 . 001(2) -0.025(3) -0.022 (2) 
0(12) 0.089(1) 0.047 (1) 0 . 067(1) 0 . 013(1) -0 . 027(1) - 0 . 010(1) 
C ( 1 3) 0.041(1) 0.042(1) 0 . 039(2) - 0 . 001(1) -0 . 005( 1) -0.009(1) 
C (14) 0.044 ( 1) o. 053( 2) 0 . 043(2) -0. 012(1) -0. 002(1) -0.008 (1) 
C ( 15) o .05 3( 2) 0.049(2) 0.052(2) -0. 013( 1) 0 . 001 ( 1 ) 
-0.020(1) 
C(16) 0.044(2) 0.046(2 ) 0 . 049(2) - 0.007(1) -0.002( 1) 
0.000(1) 
C( 17) 0.060(2) 0.069 (2) 0 . 082(3) -0.018(2) -0.013(2) 
-0.007(2) 
C (18) 0.067(2) 0.130(3) 0 . 075(2) 0.002(2) 0 . 002(2) 
-0 . 041(2) 
O( 1 9) o. 040( 1) 0.0 75( 1) o. 043( 1) 0.006(1) -0 . 013( 1) 
-0.018(1) 
C( 20) 0.039( 1) 0.044 (2) 0.038(2) 0.001(1) 0.002(1) 
-0.015(1) 
O( 21) 0.090(1) 0.051( 1) 0.051(1) -0.017(1) -0.008(1) 
-0.008(1) 
0(22) 0.062(1) 0.071(1) 0.043(1) -0 . 020(1) -0 . 013( 1) 
-0.014 (1) 
C( 23) 0.077(2) 0.103(3) 0.061(2) -0 . 035(2) 
-0.008(2) -0 .031(2) 
a. Anisotropic temperature factors in the form: 
2 2 *2 * * 
-21T (~11!2. ~ + + 2!!12~ ~ + ••• ) 
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Table V. Hydrogen Atom Coordinates and Isotropic Temperature Factors 
for C'8 H24 05· 
Atom x/a l:/~ z/c B(A 2) 
H( 3A) 0.171 (2) 0.594(2 ) -0.023(5) 4.7 
H(3B ) 0.082(2) 0 . 543 (2) 0.161(5) 4.7 
H(4) 0 . 188(2) 0.462 (2) 0.431(5) 3 . 7 
H(6) 0 . 413(2) 0 .4 32(2) 0 . 235(5) 4.7 
H( 7 A) 0 . 472(2) 0 . 326(3) -0 . 079(6) 7.1 
H(7B) 0 . 473(3) 0 . 242(3) 0 . 145(6) 7.1 
H(10A) 0.349(3) 0 . 036(3) -0.338(7) 7.6 
H( lOB) 0 . 449(3) -0.012(3) -0.252(6) 7 . 6 
H( 11 A) 0 . 266(3) -0 . 022(3) 0 . 026(6) 8 . 1 
H( 11 B) 0.369(3) -0.076(3) 0 . 126(7) 8 . 1 
H( 1 3A) 0 . 293(2) 0 . 326(2) -0.252(5) 3.8 
H( 13B) 0 . 231(2) 0 . 203(2) -0 . 162(4) 3 . 8 
H(14A) 0 . 202(2) 0 . 167(2) 0 . 343(5) 4.5 
H( 14B) 0 . 128(2) 0 . 271(2) 0.419(5) 4 . 5 
H(15) 0.083 ( 2) O. 1 25( 2) 0 . 082(5) 4 . 9 
H( 17 A) -0 . 136(2) 0.039(3 ) 0 . 362(6) 6.8 
H(17B) -0. 151 (2) 0 . 159(3) 0.167(6) 
6.8 
H(17C) -0 . 078(2) 0 . 070(3) 0 . 093(6) 
6 . 8 
H(18A) -0 . 103 0.188 0 . 625 
8 . 5 
H( 18B ) -0 . 011 0 . 255 0 . 615 
8 . 5 
H(18C) -0 . 084 0 . 306 0 . 407 
8.5 
H(23 A) 0.381 (2) 0 . 652(3) 0 . 741(7) 
7.5 
H(23B) 0.4 27 (3) 0.695(3) 0.459(6) 
7 . 5 
H(23C) 0. 330(3) 0.754(3) 0 . 542(7) 
7 . 5 
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Table VI_ Selected Interatomic Di stances (A) and Angles ( 0) 
for C18 H24 °5 -
C(1)-C(2) 1.518(3) c ( 8) -0 ( 1 2) 1. 412(3 ) 
C(1)-C(5) 1. 506(3) c (8) -c (13) 1.517(4) 
c(1) - C(13) 1.532(3) 0(9)-C(10) 1.418(4) 
C ( 1) -C ( 14) 1. 567(3) C ( 1 0) -c ( 11 ) 1.471(5) 
C( 2) -C(3) 1 .502 ( 4 ) C( 11)-0( 12) 1.415 (4) 
C(2)-0(19) 1.213(3) C(14)-C(15) 1.492(4) 
C(3) -C (4) 1 . 530(4) c ( 1 5) -c ( 1 6 ) 1.322(4) 
C(4)-C(5) 1. 520(3 ) c ( 1 6) -C ( 17 ) 1.491 (4) 
C(4)-C(20) 1 . 487(3) c ( 1 6 ) -c ( 1 8) 1 . 489(4) 
C(5)-C(6) 1 . 314(3) C(20)-0(21) 1. 194(3 ) 
C( 6) -c(7) 1 . 492(4 ) C(20)-0(22) 1.336(3) 
C (7) -C (8) 1.511(4 ) 0(22)-C(23) 1 . 444(4) 
c(8)-0(9) 1.425(3) 
C(2)-C(1)-C(5) 101 . 3(2) C(7)-C(8)-0( 12) 108 . 5(3) 
C ( 2) -C ( 1 ) -C ( 1 3) 112.9 (2) c(7)-C (8)-C( 13) 113 . 1(2) 
C(2)-C ( 1)-C(14) 107 . 5(2 ) 0(9 ) -C(8 )-0(1 2) 104.4 (2) 
C ( 5 ) -C ( 1 ) -C ( 1 3) 111.1(2) o ( 9 ) -C ( 8 ) -C ( 1 3) 110 . 2(2) 
C (5) -C ( 1) -C ( 1 4) 109 . 3(2) 0(12 ) -C (8)-C(13 ) 111 . 8(2) 
C( 13)-C( 1 )-C( 1 4) 113.9(2) C(8)-0(9)-C(10) 107.4( 2) 
C ( 1 ) -C (2) - C (3) 110 . 0(2 ) 0(9)-C(10)-C(11) 105.1(3 ) 
C ( 1 ) -C ( 2) -0 ( 1 9 ) 124 . 8(2) C ( 1 0) -C ( 11 ) -0 ( 1 2) 106 . 4(3) 
C( 3)-C(2)-0(1 9 ) 125 . 2(2) C ( 11) -0 ( 1 2) -C ( 8 ) 106 . 8(3) 
C( 2)-C( 3)-C( 4) 106 . 1(2) C( 1 )-C( 13)-C( 8) 113.1( 2) 
C(3)-C( 4)-C( 5) 102 . 5(2 ) C ( 1 ) -C ( 1 4) -C ( 15) 115.4(2) 
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C (3) -C ( 4) -C (20) 114.7(2) C ( 1 4) -C ( 1 5) -C ( 1 6) 127 . 3(3) 
C(5)-C(4)-C(20) 113.3(3) C(15)-C (16)-C(17) 121 .5 (3) 
C( 1 )-C(5)-C(4) 107.9 (2) C(15 )-C(16)-C(18) 124.1(3) 
C(1)-C(5)-C(6) 123.5(2 ) C(17)-C (16)-C(18) 114.4 (3) 
C(4)-C(5)-C(6) 128.3 (2) C(4) -C (20)-0(21) 126.0(2) 
C (5) -C (6) -C (7) 123.8(2 ) C(4)-C(20)-0(22 ) 111.3(2) 
C(6)-C(7)-C(8) 115.2 (2) 0(21 )-C(20 )- 0(22) 122 . 7(2) 
C(7)-C(8)-0(9) 108.4 (2) C(20)-0(22 ) -C (23) 117.0(2) 
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